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SUMMARY
S e v e ra l a s p e c ts  o f  th e  eco logy  o f  Fucus p ro p ag u le s  were s tu d ie d .
To e s t a b l i s h  th e  o rd e r  o f  m agnitude o f  p ro p ag u le  p ro d u c tio n  in  
Fucus» th e  r a t e  of, egg r e le a s e  f o r  F. s e r r a tu s . was e s tim a te d  in  th e  
la b o ra to r y ,  where i t  was found t h a t  th e  r a t e  o f r e le a s e  v a r ie d  
c o n s id e ra b ly  betw een r e c e p ta c le s ,  b u t t h a t  th e r e  was a g e n e ra l tre n d  
to  in c re a s e d  r e le a s e  d u rin g  th e  second tw e n ty -fo u r  h o u rs  in  c u l tu r e .  
This app ea red  to  be a s s o c ia te d  w ith  th e  traum a o f  in tro d u c in g  th e  
p la n ts  to  la b o ra to r y  c o n d i t io n s .  The r a t e  o f  r e le a s e  appeared  to  be 
u n a f fe c te d  by d i f f e r e n t  p e r io d s  o f  exposure to  a i r .  I t  was e s tim a te d  
from  th e  d a ta  t h a t  a f e r t i l e  F. s e r r a tu s  p la n t  may r e le a s e  f i f t y  
m ill io n  eggs d u r in g  a re p ro d u c tiv e  season  and i t  was su g g es ted  th a t  
th e  eggs w ere r e le a s e d  in  a s te a d y  flo w .
L i t t l e  in fo rm a tio n  was c o l le c te d  on th e  d i s p e r s a l  p a t te r n  o f
Fucus p ro p a g u le s  once r e le a s e d .  T his was in v e s t ig a te d  on th e  shore  
f o r  F , s p i r a l i s  b u t was r e l a t i v e l y  u n s u c c e s s fu l ,  how ever, i t  was 
found t h a t  p ro p a g u le s  p r e f e r e n t i a l l y  s e t t l e d  in  th e  m inute d e p re s s io n s  
on th e  t e s t  s u b s t r a t a .  T h is may be s ig n i f i c a n t  in  p ro v id in g  th e  
d ev e lo p in g  g erm ling  w ith  p ro te c t io n .f ro m  d e s ic c a t io n  and g ra z e rs ..
The d e n s i ty  o f  p ro p ag u le  s e t t le m e n t  was found to  s ig n i f i c a n t l y
a f f e c t  th e  l e n g th ,  mean d ry  w eigh t p e r p la n t  and mean volume p e r
p la n t  o f  F . s e r r a t u s , F . v e s ic u lo s u s . and F, s p i r a l i s  g e rm lin g s .
The e f f e c t  o f  d e n s i ty  on the  y ie ld  o f  a germ ling  lawn was a ls o  reco rd ed . 
These r e s u l t s .ap p ea r to  conform to  th e  c o m p e ti t io n -d e n s ity  th e o ry  
o f  h ig h e r  p la n t  s tu d ie s .
A crowded s ta n d  o f  Fucus germ lings was a b le  to  su rv iv e  
lo n g e r  p e r io d s  o f  a e r i a l  exposure in  a t id e - s im u la t in g  a p p a ra tu s  
th a n  a sp a rse  s ta n d  c o u ld . Crowding a ls o  appeared  to  have a 
ve ry  sm all p r o te c t io n  e f f e c t  a g a in s t  th e  g ra z e r  L i t t o r i n a  l i t t o r e a , 
a lth o u g h  crow ding g e n e ra l ly  produced sm a lle r  in d iv id u a l s .
I t  i s  co n cluded  t h a t  i t .w o u ld  be b e n e f i c ia l  f o r  an upper 
shore s p e c ie s  to  r e c r u i t  in  dense lawns so t h a t  th e  g erm lings 
a re  b e t t e r  p r o t e c t e d . from, d e s ic c a t io n  and f o r  mid to  low er shore  
s p e c ie s  to  r e c r u i t  in  sp a rse  lawns where r a p id  grow th i s  r e q u ire d  
to  escape th e  s iz e  c la s s  v u ln e ra b le  to  g ra z e rs .  However, th e re  
i s  l i t t l e  ev id en ce  to  su g g e s t t h a t  th e y  a c tu a l ly  do so .
INTRODUCTION
INTRODUCTION
Most seaw eeds r e l e a s e  sm a ll, u s u a l ly  m icro sco p ic  b o d ie s  as a 
means o f  r e p ro d u c t io n ,  d i s p e r s a l  and c o lo n is a t io n .  Such b o d ie s  may 
be term ed 'd is s e m in u le s*  o r  ’p ro p a g u le s ’ . P ro p ag u les  v a ry  
c o n s id e ra b ly  in  s iz e  and form betw een sp e c ie s  and between s ta g e s  in  
th e  l i f e  c y c le  o f  a s p e c ie s ,  some a re  m o tile , f o r  example th e  zoospores 
produced by la m in a r ia n  a lg a e ,  w hereas o th e rs  a re  n o n -m o tile  such as th e  
ca rp o sp o res  and t e t r a s p o r e s  o f  re d  a lg a e .  S ex u a lly  re p ro d u c in g  
seaweeds g e n e ra l ly  produce n o n -m o tile  oogonia and m o tile  a n th e ro z o id s  
a lth o u g h  in  many s p e c ie s  o f g reen  a lg a e  bo th  gam etes a re  m o tile .
Where th e re  i s  an a l t e r n a t i o n  o f  g e n e ra tio n s  more th a n  one ty p e  o f 
p ropagu le  may be p r e s e n t  b u t co n fin e d  to  d i f f e r e n t  s ta g e s  o f  th e  l i f e  
c y c le . The la m in a r ia n  sp o ro p h y te , f o r  exam ple, p roduces zoospores 
and th e  m ic ro sco p ic  gam etophyte , o ospheres and a n th e ro z o id s .
P ro p ag u le s  v a ry  c o n s id e ra b ly  in  s iz e ,  in  th e  brown a lg a e  th e y  
range from  th e  m inute la m in a r ia n  zoospore 8-9  pni lo n g  (K ain 1979) to  
th e  la rg e  oogonia o f  H im an th a lia  e lo n g a ta  250-300 pm in  d ia m e te r  
(Gibb 193 9 ); in  th e  re d  a lg a e  th e y  range from  34 .3  pm in  d ia m ete r 
f o r  Chondrococcus c a rp o sp o re s  ( in c lu d in g  t h e i r  m ucilage sh e a th )  to  
219.8 pm f o r  th e  c a rp o sp o re s  o f  L au re n c ia  p a p i l lo s a  (Ngan and P r ic e  
1979); in  th e  g reen  a lg a e  th e  p ro p ag u le s  a re  m ostly  sm all and v a ry  
l i t t l e  in  s iz e  betw een s p e c ie s .  Z oospores a re  g e n e ra l ly  l a r g e r  th a n  
th e  oospores b u t s t i l l  r a r e l y  exceed a s iz e  o f  6 x 12 pm (E lid in g  
1963, 1968).
P ro p ag u le s  were d e s c r ib e d  by Deysher and N orton  (1982) as  one 
o f th e  most p re c a r io u s  s ta g e s  in  th e  l i f e  o f  any b e n th ic  o rgan ism .
Yet f o r  most seaw eeds th e y  a ls o  r e p re s e n t  th e  most im p o rta n t and 
in d e ed , o f te n ,  th e  o n ly  d i s p e r s a l  mechanism. D esp ite  t h e i r  im p o rtan ce , 
p ro p ag u le s  have been  la r g e ly  ig n o red  by m arine e c o l o g i s t s ,  in  th e  p a s t ,  
a t t e n t i o n  has fo cu sed  m ainly  on th e  a d u l t  p la n t .  T his i s  p ro b ab ly  
because on th e  w hole, m ature p la n ts  be in g  m acroscopic in  s iz e  a re  
e a s i l y  r e c o g n is a b le  on th e  sh o re . They a ls o  e x h ib i t  obv ious changes 
in  morphology and d i s t r i b u t i o n  w ith  changing p h y s ic a l  env ironm ents and 
a re  th e r e f o r e  a t t r a c t i v e  to  s tu d y .
P ro p ag u le s  however p re s e n t  many problem s to  th e  i n v e s t ig a to r  
l a r g e ly  a s  a  r e s u l t  o f  t h e i r  m icroscop ic  s iz e .  I t  i s  v e ry  d i f f i c u l t  
to  a p p re c ia te  w hich f a c to r s  a re  im p o rtan t in  th e  env ironm ent o f 
som ething  o n ly  m icrom etres in  d im ensions and i t  i s  on ly  r e c e n t ly  t h a t  
w orkers have t r i e d  to  a s s e s s  th e  environm ent on a s c a le  a p p ro p r ia te  
to  th e  s iz e  o f  p ro p a g u le s  (C h a rte rs  e t  a l .  1973» Hruby and N orton 
1979; N orton  and F e t t e r  1981; N orton 1983). I t  i s  a l s o  v e ry  d i f f i c u l t  
to  d i s t i n g u i s h  s p e c ie s  a t  th e  p ro p ag u le  s ta g e  u n le s s  th e  p a re n t  p la n t  
i s  known.
However, a  knowledge o f p ro p ag u le  eco logy  i s  v i t a l  to  an u n d er­
s ta n d in g  o f  th e  eco logy  o f  th e  m ature p la n t ,  f o r  th e  d i s t r i b u t i o n  and 
abundance o f b e n th ic  a lg a e  m ust i n i t i a l l y  depend on th e  p ro d u c tio n , 
d i s p e r s a l ,  s u c c e s s fu l  s e t t le m e n t and developm ent o f t h e i r  p ro p a g u le s .
In  th e  p a s t ,  p a r t i c u l a r l y  in  c o lo n is a t io n  s tu d ie s ,  a l g a l  d i s t r i b u t i o n  
p a t te r n s  have been in t e r p r e te d  in  te rm s o f  th e  s e a so n a l a v a i l a b i l i t y  
o f  p ro p a g u le s  (R ees 1940 ; N o r th c ra f t  1948; H a r lin  and L in d b e rg h l9 7 7 ), 
th e  l e v e l  on th e  sh o re  and th e  ty p e  o f  su b s tra tu m  (F o s te r  1975» H a r lin  
and L in d b e rg h l9 7 7 ) , b u t r a r e l y  has c o lo n is a t io n  been c o n s id e re d  in
r e l a t i o n  to  th e  s iz e  o f  th e  p ro p ag u le  inoculum  and d is ta n c e  from th e  
p a re n t  p la n t .
The f e c u n d i ty  o f  th e  p a re n t  p la n t  i s  im p o rta n t in  d e te rm in in g  th e  
number o f  p ro p a g u le s  a v a i la b le  to  c o lo n is e  a t  a g iven  moment, so to o  
i s  th e  d u ra t io n  o f  t h e i r  r e l e a s e ,  w hether th e y  a re  l i b e r a te d  a l l  a t  
once o r over a lo n g  p e r io d  o f  tim e . The d i s p e r s a l  p a t te r n  o f th e  
p ro p ag u le s  once r e le a s e d  i s  a ls o  s i g n i f i c a n t ,  i f  many p ro p ag u le s  s e t t l e  
c lo se  to  th e  p a re n t  th e y  may e x p e rien ce  sev e re  i n t r a s p e c i f i c  c o m p e tit io n . 
However, i f  th e y  a re  d is p e rs e d  f a r  and wide th e n  i n t r a s p e c i f i c  
co m p e titio n  may be red u ce d , b u t a t  th e  r i s k  o f many p ro p ag u le s  p o s s ib ly  
c o lo n is in g  u n s u i ta b le  h a b i t a t s .
There a re  many a re a s  o f p ro p ag u le  eco logy  where th e  knowledge i s  
l e s s  th a n  ru d im e n ta ry . L i t t l e  i s  known abou t what happens to  p ro p a g u le s , 
how many a re  r e le a s e d ,  where th e y  s e t t l e  and w hether th e y  in f lu e n c e  
each o th e rs  developm ent i f  th e y  s e t t l e  in  c lo se  p ro x im ity . In  an 
a tte m p t to  in c re a s e  ou r u n d e rs ta n d in g  o f  th e  s u b je c t ,  th e  eco logy  o f  
Fucus p ro p ag u le s  was in v e s t ig a te d .  Fucus seemed an id e a l  s p e c ie s  as 
th e  eco logy  o f th e  m ature p la n t  i s  w e ll - s tu d ie d  (K nigh t and P arke 
1950; Burrows and Lodge 1951» Schonbeck and N orton  1978; 1979a;
1979b; 1979c; 1980a; 1980b), and th e  p ro p ag u le s  a re  q u i t e  la r g e ,
h av ing  a d ia m e te r  o f  betw een 60 and 100 ym (Evans 1 9 6 2 ), I t  a ls o  
i s  one o f  th e  most common o f  th e  B r i t i s h  i n t e r t i d a l  a lg a e  and th e re fo re  
r e a d i ly  a v a i l a b l e .  There a re  a ls o  s e v e ra l  s p e c ie s  a v a i la b le  f o r  
s tu d y  each  w ith  a d i f f e r e n t  re p ro d u c t iv e  seaso n , so t h a t  p ro p ag u le s  o f 
a t  l e a s t  one s p e c ie s  would be a v a i la b le  th ro u g h o u t th e  y e a r .
These s p e c ie s  commonly e x h ib i t  a v e r t i c a l  z o n a tio n  on th e  sh o re .
th e  upper l i m i t  o f t h e i r  d i s t r i b u t io n s  b e in g  c o n t ro l le d  la r g e ly  by 
to le r a n c e  o f  p ro lo n g ed  d e s ic c a t io n  d u rin g  t i d a l  exposure  (Schonbeck 
and N orton  1978) and t h e i r  low er l i m i t  by b i o t i c  f a c t o r s ,  m ostly  
co m p e titio n  w ith  o th e r  fu c o id s  (Schonbeck and N orton  1 9 8 0 a), Three 
s p e c ie s  o f Fucus were chosen so t h a t  c e r t a in  a s p e c ts  o f  t h e i r  
p ro p ag u le  eco lo g y  cou ld  be s tu d ie d  in  r e l a t i o n  to  th e  v e r t i c a l  
z o n a tio n  o f  th e  m ature p la n t s .  The th r e e  s p e c ie s  w ere F. s p i r a l i s  L, 
from th e  u pper s h o re , F . v e s ic u lo s u s  L. from the m i d - in te r t id a l  and 
F, s e r r a tu s  L , from  th e  low er sh o re . D e ta i ls  o f  th e  eco logy  and 
morphology o f  th e  th r e e  s p e c ie s  a re  g iven  in  Table 1 ,
For th e  pu rpose  o f  t h i s  s tu d y  th e  s u b je c t  o f  p ro p ag u le  eco logy  
was su b d iv id e d  in t o  th r e e  main a re a s  o f r e s e a rc h ,
i )  F e c u n d ity  o f  th e  p a re n t  p la n t  
i i )  D is p e r s a l  and s e tt le m e n t o f th e  p ro p ag u le s
i i i )  I n t r a s p e c i f i c  c o m p e titio n  between newly
s e t t l e d  g e rm lin g s .
C h a ra c te r Fucus s e r r a tu s  Fucus v e s ic u lo s u s  Fucus s p i r a l i s
Shape o f  
frond
U sual le n g th  
a t  m a tu r ity
V e s ic le s
M argin o f  
fro n d
M idrib  and 
wings
R ece p tac le s
R eproduction
F e r t i l e  p e r io d  
( F i r th  o f 
Clyde)
H a b ita t and 
d i s t r i b u t i o n  
in  th e
B r i t i s h  I s l e s  
L ocal
d i s t r i b u t i o n  
( i s l e  o f  G rea t 
Cumbrae, 
Schonbeck and 
N orton 1978)
F la t
400-1000 mm
A bsent
S e r ra te d
Both
prom inen t
F la t  and 
fo rk e d , w ith  
s e r r a te d  
m argin
D ioecious
Septem ber -  
May
Lower p a r t  
o f  rocky  
sh o res
C entred  a t  
Mean Low 
W ater Neap
F la t
400-1000  mm
P re s e n t
E n tire
Both
prom inent
Sw ollen , p o in te d  
and sometimes 
fo rk ed
D ioecious 
A p ril - August
M iddle and 
Upper p a r t  
o f  rocky  sh o res
C entred  a t  
Mean t i d e  
L eve l
S p i r a l ly
tw is te d
150-350 mm
A bsent
E n tire
Both
prom inen t
Sw ollen , rounded 
w ith  d i s t i n c t  
f l a t t e n e d  s t e r i l e  
m argin
Monoecious,
May - Septem ber
Upper p a r t  o f 
rocky  sho res
C en tred  a t  
Mean High 
W ater Neap
TABLE 1 : F e a tu re s  o f  th e  re p ro d u c t io n , morphology and eco logy  o f
F . s e r r a t u s , F ., v e s ic u lo s u s  and F. s p i r a l i s
CHAPTER I
RATE OF'EGG RELEASE:IN MJCUS SERRATUS
A. INTRODUCTION
The fe c u n d i ty  o f a lg a e  has g en e ra ted  r e l a t i v e l y  l i t t l e  r e s e a rc h
i n t e r e s t ,  m ain ly  because  o f th e  d i f f i c u l t i e s  in v o lv ed  in  c a p tu r in g  and
co u n tin g  th e  p ro p a g u le s  r e le a s e d  by a p la n t  over i t s  e n t i r e  re p ro d u c tiv e
seaso n . S e v e ra l methods have been employed in  e s t im a t in g  p ropagu le
p ro d u c tio n . Bags have been a t ta c h e d  to  sp o ro p h y lls  o r  r e c e p ta c le s  in
th e  f i e l d  to  c a tc h  r e le a s e d  s p o re s , p ropagu le  o u tp u t has been m onitored
in  th e  la b o r a to r y ,  and p o te n t i a l  r e le a s e  has been c a lc u la te d  from coun ts
o f th e  number o f  p ro p ag u le s  form ing w ith in  a p la n t .
Spore p ro d u c tio n  was q u a n t i f ie d  in  the f i e l d  f o r  M acro cy s tis
by e n c lo s in g  i n t a c t  sp o ro p h y lls  in  p o ly th en e  tu b e s  f o r  15-30 m inu tes.
The s p o ro p h y lls  were th e n  removed and th e  sp o re s  counted  (Anderson
2and N orth  1 9 6 6 ). I t  was found th a t  one cm o f  s p o ro p h y ll cou ld
r e le a s e  up to  76 ,000 sp o re s  p e r  m inu te . There was c o n s id e ra b le
v a r i a t io n  in  the. r a t e  o f  r e le a s e  betw een p la n ts  and f o r  th e  same
p la n t  a t  d i f f e r e n t  tim es  o f th e  day . However i t  was p o s s ib le  to
conclude t h a t  th e  av erag e  an n u a l r a t e s , o f r e le a s e  f o r  h e a l th y  beds
“1 -2o f M acro cy s tis  l i e  in  th e  range  o f  1 ,0 0 0 -3 ,5 0 0  sp o re s  min cm
9o f s p o ro p h y ll ,  w hich amounts to  one, a d u l t  p la n t  r e l e a s in g  8 .6 4  x 10 
sp o res  p e r  day (N eushul 1980). Spore p ro d u c tio n  was a l s o  
in v e s t ig a te d  in  th e  la b o ra to r y ,  b u t sp o ro p h y lls  r e le a s e d  te n  tim es  
more sp o re s  in  th e  la b o ra to ry  th a n  in  s i t u  (A nderson 1965» 1966;
Anderson and N o r th .1 966 ) ,  P ro p ag u le  o u tp u t was re c o rd e d  in  th e
la b o ra to ry  f o r  G elid ium  robustum  and i t  was found t h a t  between 
34»000 and 300,000 ca rp o sp o re s  were r e le a s e d  p e r  p la n t  p e r  month 
and betw een 10 ,000  and 20,000 te t r a s p o r e s  (Guzman d e l  P roo e t  a l ,  1972), 
P o te n t i a l  p ro p ag u le  o u tp u t has been c a lc u la te d  f o r  s e v e ra l  
sp e c ie s  o f  seaw eed. A f e r t i l e  Rhodymenia p e r tu s a  p la n t  was 
d isc o y e re d  to  be a so u rce  o f  83 m ill io n  sp o res  (Boney 1978) and 
th e  r e p ro d u c t iv e  p o t e n t i a l  o f  B o try c la d ia  pseudodichotom a was 
found to  be 3*88 x 10^^ te t r a s p o r e s  p e r  day p e r  a d u l t  fem ale 
(N eushul 1 9 8 0 ). I t  has a ls o  been c a lc u la te d  f o r  Sargassum  
muticum, th a t.  a . p l a n t  d u rin g  i t s  f i r s t  r e p ro d u c t iv e  season  should  
be cap ab le  o f  r e l e a s in g  betw een 360,000 and 600,000 e g g s , o r even 
as many a s  756,000 eggs (N orton u n p u b lish e d ) .
From th e  few s p e c ie s  in v e s t ig a te d  i t  can be concluded  t h a t  
th e  seaw eeds a re  v e ry  fecund  and may r e le a s e  m il l io n s  o f  p ro p ag u le s  
p e r  f e r t i l e  s e a so n . In  f a c t  K ain (1975) e s tim a te d  t h a t  f o r  a 
L am inaria  h y p e rb o re a . f o r e s t  d u r in g  the. r e p ro d u c t iv e  seaso n  th e  
number o f  spo res, r e le a s e d  cou ld  amount to  3 .3  m i l l io n  zoospo res 
mm'”^ o f  ro c k  s u r f a c e .
For t h i s  in v e s t ig a t io n  i t  was d ec id ed  to  m on ito r p ro p ag u le  
r e le a s e  in  th e  la b o ra to r y  because  o f  th e . d i f f i c u l t i e s  in v o lv ed  in  
s e c u re ly  a t ta c h in g  R e c e p ta c le  b a g s ’ to , p la n ts  on th e  s h o re , w ith o u t 
a l t e r i n g  c o n d it io n s  su rro u n d in g  th e  r e c e p ta c le  o r  c a u s in g  damage 
to  th e  p l a n t s .  F . s e r r a tu s  s e e m e d  the id e a l  s p e c ie s  f o r  
in v e s t ig a t io n .b e c a u s e  f e r t i l e  m a te r ia l  was a v a i la b le  o v er a lo n g  
p e r io d  o f  tim e .
R ep ro d u c tio n  in  Fucus shows a c l e a r - c u t . s e a s o n a l  rhythm .
The e x a c t  o n s e t  o f  re p ro d u c tio n  v a r ie s  w ith  g e o g ra p h ic a l 
d i s t r i b u t i o n  and from y e a r  to  y e a r ,  b u t th e  whole p ro c e ss  from 
i n i t i a t i o n  o f  gamete fo rm a tio n  to  th e  decay and lo s s  o f  th e  
re p ro d u c t iv e  a p ic e s  may ta k e  most o f a y e a r (K night and P arke 
19 50 ).
G am etangia a re  bo rne on a p a r t  o f  th e  th a l lu s  term ed th e  
r e c e p ta c le ,  in  sm a ll,  f l a s k - l i k e  d e p re s s io n s  c a l le d  c o n c e p ta c le s .
The gam etes a re  r e le a s e d  from  th e  c o n c e p ta c le s  th ro u g h  a sm all 
open in g , th e  o s t i o l e .  Thus p r io r  to  r e l e a s e ,  th e  gam etes a re  in  
su rro u n d in g s  w hich show l i t t l e  env iro n m en ta l f lu c t u a t i o n  
r e g a r d le s s  o f  changes t h a t  occur o u ts id e  o f  th e  p l a n t .  In  
F. s p i r a l i s , a  monoecious s p e c ie s ,  th e  male and fem ale  gam etangia 
a re  bo rne  w i th in  th e  same c o n c e p ta c le s , b u t b o th  F . s e r r a tu s  and 
F. v e s ic u lo s u s  a re  d io e c io u s  and have male and fem ale gam etangia 
on d i f f e r e n t  p l a n t s .
The oogon ia  dev e lo p  d i r e c t l y  on th e  in n e r  w a ll  o f  th e  
c o n c e p ta c le  and in  Fucus each  oogonium produces e ig h t  o o sp h e re s .
When m a tu re , th e  oogonia have th r e e - la y e re d  w a lls  c o n s is t in g  o f 
an in n e r  e n d o c h ito n , a  m esoch iton  and an o u te r  e x o c h ito n . The 
e x o c h ito n  r u p tu r e s  b e fo re  r e le a s e  o f  th e  oogonium w hich p a s se s  in to  
th e  sea  e n c lo se d  w ith in  a tw o -la y e re d  w a ll .  In  th e  sea  th e  
m esoch iton  r u p tu r e s ,  th e n  th e  en d o ch ito n  d i s s o lv e s ,  and th e  
o ospheres a r e  l i b e r a t e d .
The male gam etes a re  found w ith in  a tw o-w alled  s t r u c t u r e ,  th e  
a n th e r id iu m . The a n th e ro z o id s  a re  re le a s e d  by r u p tu r e  o f  th e  
in n e r  a n th e r id iu m  w a ll  w hich o ccu rs  on im m ersion. Each an th e rid iu m
c o n ta in s  64 a n th e ro z o id s ,  6 ym lo n g  and 1 ,4  pm in  d ia m e te r .
They a re  m o t i le ,  p o s se s s in g  p a ire d  f l a g e l l a  o f unequal le n g th .
No a tte m p t was made in  th e  p re s e n t  s tu d y  to  q u a n t ify  th e  
r a t e  o f r e le a s e  o f a n th e ro z o id s ,  a lth o u g h  B aker (1910) d id  
in v e s t ig a te  t h i s  in  r e l a t i o n  to  in c re a s in g  p e r io d s  o f  exposure 
to  a i r .  A n th ero zo id s  a re  even more d i f f i c u l t  to  c o l l e c t  and 
count th a n  oospheres and th u s  were n o t s tu d ie d ,  e s p e c i a l l y  as 
th e  r a t e  o f  r e le a s e  o f  a n th e ro z o id s  was no t s t r i c t l y  r e le v a n t  
to  the i n v e s t ig a t io n ,
B. METHODS
F e r t i l e  p la n ts  o f F . s e r r a tu s  were c o l le c te d  from  th e  s t r e t c h  
o f sho re  betw een K eppel P ie r  and F arland  P o in t ,  I s l e  o f G reat 
Cumbrae, F i r t h  o f  Clyde (F ig u re  1 ) .  I t  was p o s s ib le  to  
d e te rm in e  th e  sex  o f a p la n t  on th e  shore  by exam ining th e  co lo u r 
o f th e  r e c e p ta c l e s .  The r e c e p ta c le s  o f  a male p la n t  when h e ld  up 
to  th e  l i g h t  were orange-brow n and th o se  o f a fem ale p la n t  were green- 
brown. The p re lim in a ry  i d e n t i f i c a t i o n  was confirm ed  in  th e  
la b o ra to ry  by ex am in a tio n  o f s e c tio n s  o f  r e c e p ta c le  under a 
m icroscope when oogonia o r a n th e r id ia  were c l e a r ly  v i s i b l e .  P la n ts
were r e tu rn e d  to  th e  la b o ra to ry  in  p o ly th en e  bags w here r e c e p ta c le s  
w ith  2-3  cm o f v e g e ta t iv e  th a l lu s  a t ta c h e d  were exam ined from fem ale 
p la n ts  and r in s e d  in  se a w a te r .
Egg r e le a s e  was m onitored  over 7 and 9 day p e r io d s  by 
c u l tu r in g  th e  e x c ise d  r e c e p ta c le s  in  a spore  a cc u m u la to r . T his i s  
a v e r t i c a l  p e rsp ex  p ip e  34 cm lo n g  by 12 cm in  d ia m e te r  and s e a le d  a t
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FIGURE 1: Part of the Firth of Clyde showing the location of
the experimental sites,
(0,S, Map Sheet 63» 1: 50000 First Series)
th e  b a s e . A ir under p re s su re  fed  in to  th e  bottom  o f  th e  p ipe  
i s  b roken  in to  bubb les' by a f in e  p l a s t i c  mesh t r a v e r s in g  th e  
i n t e r i o r ,  5 cm above th e  b a se . The b u b b les  su rg e  to  th e  su rfa c e  
o f th e  c u l tu r e  medium f i l l i n g  th e  p ip e , and th e  r e s u l t i n g  tu rb u le n c e  
p re v e n ts  any o ospheres  in  th e  medium from s e t t l i n g  (D eysher and 
N orton  1 9 8 2 ). D e ta i ls  o f c u l tu r e  c o n d i t io n s  a re  g iv en  in  
Appendix A, and th e  com position  o f th e  c u l tu r e  medium in  Appendix B.
S e v e ra l m edium -sized r e c e p ta c le s  w ere s e le c te d  f o r  each
spo re  accu m u la to r so t h a t  ap p ro x im ate ly  th e  same s u r fa c e  a re a  o f •
r e c e p ta c le  was in  eac h . As th e  r e c e p ta c le  in  F . s e r r a tu s  i s
f l a t  th e  s u r fa c e  a re a  o f  each r e c e p ta c le  cou ld  be m easured in  
2
cm u s in g  a s u r fa c e  a re a  m eter (Lambda In s tru m e n t C o rp o ra tio n :
Model L I -3 0 0 0 ) . The mean o f te n  re a d in g s  f o r  each  r e c e p ta c le  
was used and t h i s  v a lu e  was doubled to  acco u n t f o r  b o th  s id e s  
o f th e  r e c e p ta c l e .
To s im u la te  n a tu r a l  c o n d itio n s  on th e  sh o re  a t  th e  low er end 
o f  th e  F . s e r r a tu s  zone, r e c e p ta c le s  were removed from  th e  spore  
accu m u la to rs  and exposed to  a i r  f o r  one h o u r , some re c e iv e d  t h i s  
t r e a tm e n t d a i l y ,  some every  t h i r d ,  f i f t h  o r sev en th  day and .o thers  
r e c e iv e d  co n tin u o u s  subm ergence. However, t h i s  p ro ced u re  was 
s im p l i f ie d  to  some re c e iv in g  one hour o f  ex posu re  d a ily ..a n d  o th e rs  
co n tin u o u s  subm ergence. The experim en ts  were te rm in a te d  as soon 
as  th e  r e c e p ta c le s  s t a r t e d  to  decay . The c u l tu r e  medium was 
changed d a i ly  and to  c o l l e c t  th e  re le a s e d  o o sp h e re s , i t  was poured 
in to  a b eak e r and th e  oospheres allow ed to  sed im en t o u t .  Some o f 
th e  s u p e rn a ta n t  was th e n  c a r e f u l ly  poured o f f  and th e  rem ainder
removed by p ip p e t te  u n t i l  th e  oosphere su sp en sio n  was j u s t  
s u f f i c i e n t  to  f i l l  a 3 .5  cm d ia m e te r  p e t r i - d i s h .  The p e t r i -  
d is h  was p la c e d  on graph p ap er and th e  number o f o o sp h eres  in  
each o f  15 r e g u la r ly  spaced mm sq u ares  was co u n ted , u s in g  a 
b in o c u la r  m icroscope . Care was ta k en  n o t to  move th e  oospheres 
when moving th e  p e t r i - d i s h  a c ro s s  th e  f i e l d  o f v iew . I t  was 
th u s  p o s s ib le  to  e s tim a te  th e  t o t a l  number o f  oo sp h eres  in  th e  
d is h .  When on ly  a few oospheres were p r e s e n t , f o r  example 
l e s s  th a n  one h u n d red , a l l  th e  oospheres in  th e  whole d is h  were 
co u n ted . O ospheres were counted and n o t oogonia because  over 
th e  c o l l e c t io n  p e r io d  th e  m a jo r ity  o f  th e  oogonia had ru p tu re d  
and r e le a s e d  t h e i r  o o sp h e re s . Each oogonium c o n ta in e d  e ig h t  
o o sp h eres  so when an i n t a c t  oogonium was found i t  was counted  as 
e ig h t  o o sp h e re s . No t e s t  was made o f  th e  v i a b i l i t y  o f  th e  eg g s .
The e f f e c t  o f  exposu re  to  a i r  on th e  number o f  eggs re le a s e d  
was in v e s t ig a te d  by la y in g  e x c ise d  r e c e p ta c le s  f o r  v a ry in g  le n g th s  
o f  tim e on a b so rb a n t p ap er in  a c o n s ta n t te m p e ra tu re  room. The 
p e r io d s  o f  exposure  used were 1 , 2 , 3 , 4-» 5, 7 and 9 h o u rs .  Each 
r e c e p ta c le  a f t e r  a p e r io d  o f  exposure was p la c e d  in  a 150 ml f l a s k  
o f  c u l tu r e  medium, s e a le d  w ith  alum inium  f o i l  and l e f t  f o r  24- hours  
in  th e  c o n s ta n t  te m p e ra tu re  room. Three r e p l i c a t e s  were used 
f o r  each exposure  and th e  whole experim en t was im m ediate ly  re p e a te d  
w ith  th e  same m a te r ia l .  The eggs were c o l le c te d  u s in g  th e  method 
d e s c r ib e d  above.
I t  was o b served  t h a t  r e c e p ta c le s  r e le a s e d  a m oderate number 
o f eggs d u r in g  th e  f i r s t  24- h o u rs  in  c u l tu r e  b u t t h a t  th e r e  was a
s u b s t a n t i a l  in c re a s e  in  p ro p ag u le  o u tp u t d u r in g  th e  second 24- 
h o u rs  o f  c u l tu r e .  I t  was d ec id ed  to  i n v e s t ig a t e  t h i s  f u r t h e r .
P la n t s  were c o l le c te d  and d iv id e d  in to  two g ro u p s . P la n ts  
in  group one had t h e i r  r e c e p ta c le s  e x c ise d  im m ediate ly  a f t e r  
th e y  w ere in tro d u c e d  in to  th e  l a b o r a to r y . These r e c e p ta c le s  
re c e iv e d  d i f f e r e n t  p e r io d s  o f  exposure to  a i r  b e fo re  b e in g  
a llo w ed  to  r e le a s e  f o r  24- ho u rs  w h i ls t  subm erged. The numbers 
o f  o o sp h eres  re le a s e d  were reco rd ed  and th e  experim en t re p e a te d .  
Group two p la n ts  were l e f t  i n t a c t  f o r  24- h o u rs , immersed in  
ta n k s  o f  s e a w a te r . T h e ir  r e c e p ta c le s  were th e n  e x c is e d , 
exposed to  a i r  f o r  d i f f e r e n t  le n g th s  o f tim e and l e f t  to  r e le a s e  
f o r  24- h o u rs  w h i ls t  subm erged. The numbers o f o ospheres 
r e le a s e d  w ere th e n  co u n ted .
C. RESULTS
C .l  Egg r e le a s e  over tim e
The numbers o f  oospheres r e le a s e d  by r e c e p ta c le s  d u rin g  th e  
seven  and n in e  day in v e s t ig a t io n  p e r io d s  a re  p re s e n te d  in  T ables 
2 and 3 . The d a ta  from th e  two d i f f e r e n t  t r e a tm e n ts  o f d a i ly  
one h o u r exposure  to  a i r  and co n tin u o u s subm ergence were 
am algam ated as  th e y  appeared  to  have had no e f f e c t  on th e  o v e ra l l  
t r e n d  in  egg r e l e a s e .  The number o f oo sp h eres  c o l le c te d  v a r ie d  
c o n s id e ra b ly  from  d a y -to -d a y  and betw een sp o re  a c c u m u la to rs .
The g r e a t e s t  number c o l le c te d  over 24- h o u rs  from  seven  r e c e p ta c le s  
was more th a n  200,000 and th e  l e a s t  was e i g h t .
Number o f  O ospheres
Days from 
s t a r t  o f  
ex p erim en t
Mean Range
1 1 4 ,9 3 9 100 - 36,786
2 76,672 4 ,2 9 4  - 21 1 ,143
3 3,081 73 - 10,200
4 11,135 1 ,633  - 44,100
5 1,649 1A6 - 6 ,100
6 . 159 48 - 315
7 35 8 - 56
8 22 8 - 48
9 28 8 - 56
TABLE 2: The mean number o f  oospheres (and ran g e ) c o l le c te d
from  seven  spore  accum ula to rs  each  c o n ta in in g  
seven  F . s e r r a tu s  r e c e p ta c le s .  The.mean number
o f  o o sp h eres  re le a s e d  p e r  r e c e p ta c le  on day one 
was 2 , 1 3 4 .
Number o f  O ospheres
Days from 
s t a r t  o f  
ex p erim en t
Mean Range
1 3 ,462 1 ,3 3 8  -  6 ,344
2 18,250 10,800 -  28,967
3 2,170 681 -  4 ,033
4 1 ,180 440 - 2 ,830
5 1 ,527 808 -  2 ,533
6 6,550 833 -  12,833
7 ■ 24,028 244 -  55,125
TABLE 3î The mean number o f  oospheres (and ran g e ) c o l le c te d  
from fo u r  spo re  accum ula to rs  each  c o n ta in in g  seven 
F, s e r r a tu s  r e c e p ta c l e s .  The mean number o f 
o ospheres r e le a s e d  p e r  r e c e p ta c le  on day one was 495
The num ber.o f oosphores r e le a s e d  d e c l in e d  w ith  tim e in  
ex p erim en t one b u t n o t in  experim en t two, w here th e  most 
o o sp h eres  were c o l le c te d  on th e  l a s t  day o b s e rv a tio n s  were made.
One tr e n d  which f e a tu r e s  in  bo th  ta b le s  i s  a  peak in  th e  number 
o f  o o sp h eres  r e le a s e d  on th e  second day th a t  th e  r e c e p ta c le s  
were in  c u l tu r e .
0 .2  The e f f e c t s  o f  exposure to  a i r
R e s u lts  from  th e  in v e s t ig a t io n  in to  th e  e f f e c t  o f  exposure
to  a i r  on oosphere  r e le a s e  a re  shown in  T able 4* I t  i s
im p o ss ib le  to  d e te c t  any s ig n i f i c a n t  tr e n d s  in  th e  d a ta  a s s o c ia te d
w ith  an in c re a s e  in  th e  p e r io d  o f exposure to  a i r  b ecause  th e
v a r i a t i o n  in  oosphere  r e le a s e  between r e c e p ta c le s  i s  v e ry  la r g e .
The g r e a t e s t  number o f  oospheres c o l le c te d  p e r  r e c e p ta c le  on
day one was ov er 15,000 and the l e a s t  was z e ro , w ith  a mean o f
-11 ,2 8 7  o o sp h eres  r e c e p ta c le  . On day two th e  g r e a t e s t  number
c o l le c te d  was 173,800 and th e  l e a s t  was over 5 ,0 0 0 , w ith  a mean
—Io f  78 ,059  oosp h eres  r e c e p ta c le  , This in d i c a te s  a 10-100 fo ld  
in c re a s e  in  th e  number o f  oospheres r e le a s e d  by r e c e p ta c le s  
from  day one to  day tw o.
An in c re a s e  in  th e  number o f  oospheres r e le a s e d  by r e c e p ta c le s  
d u r in g  th e  second day o f  c u l tu r e  had been  o b served  on o th e r  
o c c a s io n s ,  and th e r e f o r e  was c o n s id e re d  to  be w orthy  o f f u r th e r  
i n v e s t i g a t io n .
Time in  
c u l tu r e  
(h o u rs) 
P e r io d  
exposed to  
a i r  (h o u rs)
28 48
Mean Range Mean Range
0 992 109 -  2 ,200 73,000 16,100 - 170,450
1 70 0 210 58,048 5,433 -  126,643
2 558 149 883 70,822 2 3 ,9 0 0  - 99 ,100
3 5,737 150 -  15,633 123,133 57,850 - 164,150
4 89 16 236 47,933 41 ,3 5 0  - 58,900
5 526 16 -  1 ,546 105,100 56 ,600  -  1 7 3 ,800
7 43 24 56 91,783 58,200 -  138,650
9 2 ,269 56 — 6 ,4 0 0 54 ,650 20 ,3 5 0  -  95,550
TABLE 4 : The mean number o f  o ospheres (and ran g e) r e le a s e d  by a
F. s e r r a tu s  r e c e p ta c le  in  24 hours  a f t e r  d i f f e r e n t  p e r io d s  
o f  expo su re  to  a i r ,  f o r  tte  f i r s t  and second days in  
c u l tu r e .  The r e c e p ta c le s  used had a mean s u r fa c e  a re a  
o f  3 0 .02  cm^ + 2 .0 2  cm^ (S .E .),
C.3 The e f f e c t s  o f  r e c e p ta c le  e x c is io n
The number o f  oospheres re le a s e d  may in c re a s e  on day two in  
th e  la b o ra to r y  in  re sp o n se  to  an en v iro n m en ta l s t im u lu s .  I t  i s  
u n l ik e ly  t h a t  th e  la rg e  r e le a s e  o f eggs i s  th e  norm because where 
th e  r e c e p ta c le s  w ere c u l tu re d  f o r  s e v e ra l  days a  la rg e  r e le a s e  o f 
eggs was n o t m a in ta in e d . I t  was h y p o th e s iz e d  t h a t  th e  'seco n d  day 
p eak ' was a d e lay ed  re sp o n se  to  th e  p la n ts  b e in g  removed from  t h e i r  
n a tu r a l  h a b i t a t .  I t  was im p o ss ib le  to  i s o l a t e  a l l  o f  th e  changes 
t h a t  o c c u rre d  when a p la n t  was removed from  th e  sh o re  and in tro d u c e d  
to  th e  l a b o r a to r y ,  b u t an obvious one to  in v e s t ig a t e  was th e  
e x c is io n  o f  th e  r e c e p ta c l e s .  P la n ts  in tro d u c e d  to  c u l tu r e  a t  th e  
same tim e w ere d iv id e d  in to  two groups and by rem oving th e  
r e c e p ta c le s  from  one group im m ed ia te ly , b u t n o t from  th e  o th e r  
u n t i l  24 h o u rs  l a t e r  i t  was p o s s ib le  to  d i f f e r e n t i a t e  betw een th e  
e f f e c t  o f  e x c is io n  and any o th e r  e f f e c t s .  I f  th e  p la n ts  were 
re sp o n d in g  to  changes in  th e  environm ent betw een th e  sh o re  and th e  
la b o ra to r y  th e n  an e x a g e ra te d  r a t e  o f  r e le a s e  would have been found 
in  b o th  g ro u p s . However i f  i t  was a s p e c i f i c  re sp o n se  to  th e  
e x c is io n  o f  r e c e p ta c le s  th e n  on ly  th o se  p la n ts  w hich had had t h e i r  
r e c e p ta c le s  e x c is e d  im m ediately  would have shown an in c re a s e d  r a t e  
o f  egg r e l e a s e .
I t  was found t h a t  r e c e p ta c le s  im m ediate ly  e x c ise d  r e le a s e d  a 
mean o f  276 ( i  S .E . o f  83) oosp h eres  p e r  r e c e p ta c le  on day one 
(T ab le  5) and showed no obvious re sp o n se  to  th e  d i f f e r e n t  p e r io d s  of. 
exposure  to  a i r .  On day two th e  mean number o f  o o sp h eres  r e le a s e d  
p e r r e c e p ta c le  was 17 ,386 (+ S .E . o f  5 ,7 5 6 ) , an in c re a s e  o f  6 0 -fo ld
Sample A B
Time in  
c u l tu r e  (h) 24 48
48
Time o f  
e x c is io n  
o f r e c e p ta c le s  
a f t e r  i n t r o ­
d u c tio n  to  
c u l tu r e  (h)
0 0 24
P e rio d  o f  
ex posu re  to  
a i r  (h)
0 32
8 - 7 2
1 5 ,301  
1 ,3 0 2  -  35,700
527
231 -  1 ,0 4 2
1 876
24 —1 , 446
10 ,905
820 -  19,767
8,205 
2,865 - 13 ,250
2 249
8 - 532
10,848
310 -  18 ,433
23 ,020
459 - 47»633
3 206
48 -  498
13 ,652
2 ,819  -  35,188
23.654 
1 ,6 3 2  - 64 ,067
4 124
8 -  276
9,167
2 ,8 0 0  -  2 0 ,4 0 1
20 ,300  
12 ,333  -  35,833
5 347 
16 -  750
4 ,7 5 0
2 ,178  -  6 ,321
24,385
1 ,0 2 2  -  52 ,133
7 405
24 -  917
6 ,2 4 8  
1 ,975  - 1 3 ,9 2 0
16,531 
4 ,093  - 27,033
9 13
8 - 2 4
1 9 ,514
2,350 - 53,300
3 ,233
1 ,500  - 4 ,967
TABLE 5: The mean number o f oospheres (and ran g e) r e le a s e d  by a F
s e r r a tu s  r e c e p ta c le  in  24 hours a f t e r  d i f f e r e n t  p e r io d s  
o f  expo su re  to  a i r ,  f o r  im m ediately  e x c ise d  r e c e p ta c le  (A) 
and f o r  r e c e p ta c le s  l e f t  i n t a c t  f o r  24 h o u rs  (B)
and day tw o. R e c e p ta c le s  l e f t  i n t a c t  o v e rn ig h t r e le a s e d  an 
av erag e  o f 14 ,982  C± S .E , 3 ,7 0 0 ) o ospheres  p e r  r e c e p ta c l e ,  and 
a g a in  showed no re sp o n se  in  th e  number o f  o ospheres  r e le a s e d  to  
th e  d i f f e r e n t  p e r io d s  o f exposu re  to  a i r .
The r e s u l t s  were v e ry  s im i la r  f o r  th e  r e c e p ta c le s  l e f t  
i n t a c t  and f o r  day tw o, o f  th o se  im m ediate ly  e x c is e d . This 
su g g e s ts  t h a t  t h e ' second day p e a k ' i s  n o t a re sp o n se  to  th e  
r e c e p ta c le s  b e in g  e x c ise d  b u t a re sp o n se  to  some o th e r  ch an g e (s) 
in  th e  env iro n m en t.
D. DISCUSSION
The r a t e  o f  egg r e le a s e  from  r e c e p ta c le s  d u rin g  t h e i r  f i r s t  
day in  th e  l a b o ra to r y  su g g e s ts  t h a t  a F , s e r r a tu s  r e c e p ta c le  may 
r e le a s e  up to  f i f t e e n  th ousand  eggs in  a s in g le  day . I f  t h i s  
app rox im ates to  th e  m agnitude o f a c tu a l  r e le a s e  in  th e  f i e l d ,  th en  
u s in g  V e rn e t 's  u n p u b lish e d  o b s e rv a tio n  th a t  an av erag e  p la n t  b ea rs  
70 r e c e p ta c le s  (a lth o u g h  a s  many as  4 ,000 r e c e p ta c le s  were reco rd ed  
on one p la n t  by K nigh t and P arke  1950) in d ic a te s  t h a t  in  th e  o rd e r 
o f one m i l l io n  eggs p e r  day would be r e le a s e d .  E x tend ing  t h i s  r a t e  
o f r e le a s e  over a f e r t i l e  p e r io d  o f  1 -2  months means a F. s e r r a tu s  
p la n t  r e p r e s e n ts  a p o t e n t i a l  so u rce  o f a p p ro x im a te ly  50 m ill io n  
eg g s . V ernet (p e rs o n a l  com m unication) c a lc u la te d  th e  p o te n t i a l  
egg p ro d u c tio n  o f  F . s e r r a tu s  and o th e r  fu c o id s  from  th e  number o f 
r e c e p ta c le s  p e r  p l a n t ,  th e  number o f  c o n c e p ta c le s  p e r  r e c e p ta c le  
and th e  number o f  oogonia p e r  c o n c e p ta c le . He found t h a t  each 
p la n t  had a p o t e n t i a l  sup p ly  o f 10-20 m i l l io n  e g g s . The d isc re p a n c y  
betw een th e  two e s t im a te s  may be e x p la in e d  by th e  d i f f e r e n t  methods 
used  to  d e r iv e  th e n .  V ernet based  h i s  e s t im a te s  on th e  number o f 
oogonia and r e c e p ta c le s  p r e s e n t  a t  th e  tim e o f sam pling , however i t  
i s  p o s s ib le ,  in d e ed  l i k e l y ,  t h a t  more c o n c e p ta c le s  would develop  
and m ature d u r in g  th e  r e p ro d u c t iv e  sea so n . A l te r n a t iv e ly ,  i f  th e  
p la n ts  were sam pled l a t e  in  th e  f e r t i l e  se a so n , i t  was p o s s ib le  
t h a t  many eggs may a lre a d y  have been r e le a s e d ,  a l s o  p ro d u c in g  a 
low e s t im a te  o f  th e  number o f  oogonia p e r  c o n c e p ta c le .  The 
method employed h e re  may o v e r -e s t im a te  p ro p ag u le  p ro d u c tio n  because, 
i t  assum es a c o n s ta n t  r a t e  o f  r e le a s e  over one to  two months when in
f a c t  th e  r a t e  o f  r e le a s e  may be reduced  a t  th e  b e g in n in g  and end 
o f th e  r e p ro d u c t iv e  se a so n , and n o t a l l  r e c e p ta c le s  o r  c o n c e p ta c le s  
may r e le a s e  a l l  th e  tim e . The r e le a s e  r a t e  in  c u l tu r e  may a l s o  be 
h ig h e r  th a n  o c c u rs  on th e  sh o re  due to  some traum a a s s o c ia te d  w ith  
in t ro d u c in g  p la n t s  to  th e  la b o ra to r y .
R e c e p ta c le s  o f  F. s e r r a tu s  r ip e n  p ro g r e s s iv e ly ,  r e le a s in g  
oogon ia  from  th e  p ro x im al end o f  th e  r e c e p ta c le  f i r s t  and th e n  
m a tu rin g  a c r o p e ta l l y  so t h a t  th o se  in  th e  d ev e lo p in g  apex a re  
r e le a s e d  l a s t  (Evans 1 9 62). T his means t h a t  a lth o u g h  a r e c e p ta c le  
may have a  p o t e n t i a l  o f  m il l io n s  o f eggs on ly  a p ro p o r t io n  w i l l  be 
m ature a t  once and some may n ev er reac h  m a tu ra tio n . Egg r e le a s e  
i s  th u s  a s te a d y  d r ib b le  o f  s e v e ra l  thousand  eggs p e r  day from 
each r e c e p ta c l e ,  u n le s s  a change in  th e  env ironm ent s t im u la te s  th e  
r e le a s e  o f  g r e a t e r  num bers. P la n ts  appear to  r e c e iv e  such a 
s tim u lu s  when in tro d u c e d  in to  th e . l a b o r a to r y .  The s tim u lu s  may 
be a s p e c i f i c  change in  th e  environm ent, such a s  te m p e ra tu re ,  
i r r a d ia n c e  o r  c u l tu r e  medium o r a com bination  o f  ch an g es. 
I n t r o d u c t io n  to  th e  la b o ra to r y  has  been r e p o r te d  to  have th e  same 
e f f e c t  on p ro p a g u le  p ro d u c tio n  in  M acro cy stis  (A nderson 19 6 5 ), 
a lth o u g h  n o th in g  h as  been  su g g es ted  as  to  th e  n a tu re  o f  th e  
s t im u lu s .  However A nderson (1965) d id  f in d ,  a s  in  th e  p re s e n t  
i n v e s t i g a t io n ,  t h a t  p ro p ag u le  r e le a s e  was n o t a f f e c te d  by e x c is io n  
o f  th e  r e p ro d u c t iv e  s t r u c t u r e s .
P la n t s  o f  Fucus s e r r a tu s  may r e l e a s e .10-100 tim e s  more eggs 
p e r  day a f t e r  24 h o u rs  in  th e  la b o ra to ry  th a n  when f i r s t  c o l le c te d .  
T his means t h a t  th e  eggs r e le a s e d  in  one day in  th e  la b o ra to r y
w ould, in  n a tu r e ,  have been r e le a s e d  over a lo n g e r  period»  perhaps 
s e v e ra l  days o r  even w eeks. Thus some o f th o se  r e le a s e d  in  c u l tu r e  
may be im m ature and i n f e r t i l e .  This cou ld  be an im p o rta n t f a c to r  
when c o l l e c t in g  gam etes to  use in  th e  p re p a ra t io n  o f  c u l tu r e s  and 
may be w orthy  o f  in v e s t ig a t io n .
I t  h as  been  r e p o r te d  t h a t  th e  number o f gam etes r e le a s e d  by 
s e v e ra l  s p e c ie s  o f  fu c o id s  in c re a s e s  in  resp o n se  to  an in c re a se d  
p e r io d  o f  ex posu re  to  a i r  (B aker 1910 ). A f te r  a p e r io d  o f  exposure 
on th e  sh o re  a t  low t i d e  i t  i s  p o s s ib le  to  observe  exuded gam etes
on th e  s u r fa c e  o f  r e c e p ta c l e s ,  read y  f o r  d i s p e r s a l  by th e  r i s i n g
t i d e .  However th e  r e s u l t s  o f  p re s e n t  experim en ts  in d ic a te d  t h a t  
d ry in g  does n o t prom ote egg r e le a s e  n o r i s  th e r e  any in c re a s e  
in  egg r e le a s e  a s s o c ia te d  w ith  in c re a s in g  exposure to  a i r .
B aker (1910) in v e s t ig a te d  th e  e f f e c t  o f  exposure  to  a i r  on
egg r e le a s e  in  an  experim en t c a r r i e d  o u t on th e  s h o re . Specimens 
were c o l le c te d  a s  th e  t i d e  ebbed and th e n  were l e f t  in  a la rg e  
ro ck  p o o l u n t i l  r e q u i r e d .  The p la n ts  were c a r e f u l ly  w ashed, 
and exposed to  th e  open a i r ,  by le a v in g  them ly in g  on f l a t  s to n e s  
on th e  sh o re  f o r  d i f f e r e n t  p e r io d s ■o f tim e . Baker th e n  covered  
th e  d r ie d  r e c e p ta c le s  w ith  a m easured q u a n t i ty  o f  w a te r , a f t e r  , 
trim m ing them s o - th a t  th e r e  were 200 c o n c e p ta c le s  in  each r e c e p ta c le .  
A f te r  12 h o u rs  th e  r e c e p ta c le s  were removed and th e  number o f  
oogonia in  th e  w a te r  was counted  w ith  th e  naked e y e . The r e s u l t s  
Baker o b ta in e d  a r e  shown below .
Hours exposed to  a i r 9 3 2 1
R e p l ic a te s 187 67 64 28
151 140 72 52
171 240 - 18
Mean 169 145 68 33
TABLE 6: The number o f  oogonia re le a s e d  by p ie c e s  o f  r e c e p ta c le ,
c o n ta in in g  200 c o n c e p ta c le s ,  in  12 h o u rs  a f t e r  r e c e iv in g  
d i f f e r e n t  p e r io d s  o f  exposure  to  a i r  (B aker 1910)
Baker concluded  th a t  in c re a s e d  exposure to  a i r  prom oted egg 
r e l e a s e .  However a s in g l e - f a c to r  a n a ly s is  o f  v a r ia n c e  c a r r ie d  
ou t on th e s e  d a ta  d id  n o t in d ic a te  a s i g n i f i c a n t  r e l a t i o n s h ip  due 
to  th e  la r g e  v a r i a t i o n  betw een r e p l i c a t e s .
L arge v a r i a t io n s  in  th e  number o f  eggs r e le a s e d  from  
r e c e p ta c le s  seems to  be com m on-place. Baker re c o rd e d  sm a lle r  
v a r ia t io n s  in  th e  r a t e  o f r e le a s e  th a n  found in  th e  p re s e n t  s tudy  
b u t as  she used  on ly  200 c o n c e p ta c le s  and n o t whole r e c e p ta c le s  
t h i s  would e l im in a te  some o f th e  v a r ia b le s  such a s  th e  number o f 
c o n c e p ta c le s  p e r  r e c e p ta c l e .
The r e s u l t s  su g g e s t t h a t  even i f  r e c e p ta c le s  do r e le a s e  more 
oogonia a f t e r  a p e r io d  o f  exposure  to  a i r  th e  n a t u r a l  v a r i a t io n  
in  th e  r a t e  o f  egg r e le a s e  i s  so la rg e  a s  to  make such  sm all 
changes i n s i g n i f i c a n t .
The s tu d y  by B aker p ro v id e s  a u s e f u l  com parison  o f  th e  
r a t e  o f egg r e l e a s e  on th e  sh o re  f o r  th e  p r e s e n t  i n v e s t i g a t i o n è 
The mean number o f  oogonia c o l le c te d  by Baker from  th e  r e c e p ta c le s  
exposed to  a i r  f o r  up to  th r e e  ho u rs  was 82 p e r  200 c o n c e p ta c le s  
When t h i s  was c o n v e rte d  to  number p e r  r e c e p ta c le  (assum ing 334 
c o n c e p ta c le s  p e r  r e c e p ta c l e ,  V ernet u n p u b lish e d ) p e r  24 hou rs  
and th e n  m u l t ip l ie d  by e ig h t  f o r  th e  number, o f o o sp h eres  p e r  
oogon ia , a f ig u r e  o f  2 ,191  was p roduced . T his i s  o f  a s im i la r  
o rd e r  to  th e  r e s u l t s  o b ta in e d  f o r  r e c e p ta c le s  on day 1 in  th e  
l a b o r a to r y ,  w hich su g g e s ts  t h a t  la b o ra to ry  s tu d ie s ,  i f  co n fin ed  
to  th e  f i r s t  24  h o u rs  o f  c u l tu r e  may p ro v id e  a  r e a l i s t i c  e s tim a te  
o f  w hat i s  h a p p en in g  in  th e  f i e l d .
CHAPTER I I
DISPERSAL AND SETTLEMENT
A. INTRODUCTION
D is p e rs a l  i s  a v i t a l  s ta g e  in  th e  l i f e  c y c le  o f  seaw eeds. I t  
a llo w s an n u a l s p e c ie s  to  c o lo n is e  new a re a s  and p e re n n ia l  s p e c ie s  to  
m a in ta in  an e s ta b l i s h e d  p o p u la tio n  and ex tend  i t .  S h o rt d is ta n c e  
d i s p e r s a l  e n su re s  a dense s e t t le m e n t  o f  p ro p ag u le s  in  a h a b i t a t  which 
fav o u red  th e  d ev e lo p m en t.o f th e  p a re n t  p la n t ,  and shou ld  th e r e f o r e  
s u i t  th e  p ro g en y . On s e t t le m e n t  how ever, th e  p ro p ag u le  must 
compete w ith  b o th  e s ta b l i s h e d  p a re n t  p la n ts  and crowds o f s ib l i n g  
g e rra lin g s . L ong-range d is p e r s a l ,  means t h a t  a few p la n ts  w i l l  
c o lo n is e  s u i t a b le  a re a s  f r e e  from o th e rs  o f t h e i r  own k in d , b u t a t  a 
h ig h  r i s k  o f  m o r ta li ty ,  due to  th e  u n c e r ta in ty  o f  th e  new h a b i t a t  
and th e  lo n g  d u ra t io n  o f  th e  p la n k to n ic  p h ase .
The d is ta n c e  p ro p a g u le s  a re  d is p e rs e d  b e fo re  th e y  s e t t l e  on 
th e  s u b s t r a ta  w i l l  depend on s e v e ra l  f a c t o r s ,  nam ely th e  s iz e  o f 
th e  inoculum  an d .he igh t from  w hich i t  i s  r e le a s e d ,  th e  d i r e c t io n  and 
v e lo c i ty  o f  th e  c u r r e n t ;  and th e  m o t i l i ty  and s in k in g  v e lo c i ty  
o f th e  p ro p ag u le  s .
L i t t l e  in fo rm a tio n  has been c o l le c te d  on how th e  s iz e  o f  th e  
inoculum  e f f e c t s  th e  d i s p e r s a l  o f  a lg a l ,  p ro p a g u le s . However one 
s tu d y  o f M ac ro cy s tis  (A nderson and N orth  1966) showed t h a t  spore  
d i s p e r s a l  was more r e s t r i c t e d  f o r  a s in g le  p la n t  th a n  f o r  a p o p u la tio n  
o f p l a n t s .  The maximum d i s p e r s a l  d is ta n c e  o f  sp o re s  from  an i s o la t e d  
p la n t  was on ly  5 m and th e  number o f  ju v e n i le s  d e c re a se d  in v e r s e ly  
as th e  cube o f th e  r a d iu s  o f  d i s p e r s a l ,  w hereas from  a group o f  p la n ts
th e  p ro p a g u le s  reac h ed  over 70 m d i s t a n t ,  and th e  f a l l  o f f  in  numbers 
w ith  in c r e a s in g  d is ta n c e  was n o t so marked.
The h e ig h t  o f  th e  p ro p ag u le  so u rce  may ran g e  from  m ill im e tre s  
to  m e tre s . O bv iously  th e  g r e a te r  th e  h e ig h t  from w hich sp o res  a re  
r e le a s e d  th e  f u r t h e r  th e y  a re  l i k e l y  to  t r a v e l .  Many o f th e  l a r g e r  
seaweeds do n o t  b e a r  re p ro d u c t iv e  s t r u c t u r e s  on t h e i r  lo n g e s t  lam in ae , 
A la r ia  e s c u le n ta , f o r  exam ple, has s p o ro p h y lls  low down on th e  s t ip e  
so t h a t  th e y  a re  o n ly  a  few c e n t im e tre s  above th e  su b s tra tu m , A la r ia  
e s c u le n ta  l i v e s  i n  v e ry  exposed h a b i t a t s  and so a  low h e ig h t  o f  r e le a s e  
may com pensate f o r  th e  h ig h  w a te r  v e l o c i t i e s .  The sp o ro p h y lls  o f  th e  
g ia n t  k e lp ,  M a c ro c y s tis  p y r i f e r a , a re  borne on s h o r t  b a s a l  sh o o ts , 
u s u a l ly  n o t  more th a n  30-60 cm in  le n g th ,  w hereas some o f  th e  v e g e ta t iv e  
lam inae have s t i p e s  o f  500 cm o r  more in  le n g th  (D e lf  and Levyn 1926). 
N e re o c y s tis  how ever does have i t s  re p ro d u c t iv e  s t r u c t u r e s  on th e  lam inae 
many m e tres  above th e  su b s tra tu m , b u t in s te a d  o f  r e le a s in g  zoospores 
in d iv id u a l ly ,  l a r g e  p ie c e s  o f  t i s s u e  b reak  away and descend  r a p id ly  
th ro u g h  th e  w a te r ,  o n ly  th e n  a re  th e  sp o re s  r e le a s e d  (N icho lson  1970 ).
The h e ig h t  from  w hich p ro p a g u le s  a re  r e le a s e d ,  t h e r e f o r e ,  i s  q u i te  
sm all even f o r  th e  l a r g e r  s p e c ie s ,a n d  the p o t e n t i a l  d i s p e r s a l  d is ta n c e  
i s  n o t a s  g r e a t  as  m ight be i n f e r r e d  from  th e  s iz e  o f  th e  p la n t s .
The d i r e c t i o n  o f  th e  p r e v a i l in g  c u r r e n t  w i l l  d e te rm in e  th e  d i r e c t io n  
o f  d i s p e r s a l ,  b u t i t  i s  common f o r  th e  d i r e c t io n  o f  th e  c u r r e n t  to  change 
w ith  th e  ebb and flow  o f  th e  t i d e .  T h e re fo re  d i s p e r s a l ,  a lth o u g h  alw ays 
down c u r r e n t ,  co u ld  a c t u a l l y  be in  more th a n  one d i r e c t i o n .  However, 
i f  p ro p a g u le s  a re  r e le a s e d  so t h a t  th e y  a re  d is p e r s e d  on f i r s t  im m ersion, 
f o r  exam ple, th e n  th e  d i r e c t io n  o f  th e  incom ing t i d e  may be th e  more 
im p o rta n t .
In  J a p a n , w here Monostroma i s  grown com m erc ia lly , i t  was n o tic e d  
t h a t  th e  l o c a t io n  o f  th e  Monostroma grow ing a re a s  changed from y e a r  to  y e a r 
and was c lo s e ly  c o r r e la te d  w ith  th e  main s u r fa c e  c u r r e n t  o f  th e  S p rin g  
t i d e  (S eg i and K ida I9 6 0 ) .  S im ila r ly  an a re a  o f  sh o re  c o lo n is e d  by 
Fucus z y g o te s  was found to  have re c e iv e d  i t s  inoculum  from  zy g o tes  
d is p e rs e d  on th e  r i s i n g  t i d e ,  (Burrows and Lodge 1 9 5 0 ). The d i s p e r s a l  
o f ju v e n i le s  from  an a d u l t  p la n t  o f  G elidium  c a r t i la g in e u m  was a ls o  
found to  fo l lo w  a  s p e c i f i c  d i r e c t i o n ,  presum ably  d e te rm in ed  by th e  
d i r e c t i o n  o f  th e  m ajor c u r r e n t  (Guzman d e l  P roo  and de l a  Campa de 
Guzman 1 9 6 9 ).
The power o f  movement o f m o tile  zoospo res i s  v e ry  sm a ll compared 
to  th e  movement o f  w a te r  c u r r e n t s .  C u rren t v e l o c i t i e s  o f  up to  
14 ms ^ have been  re p o r te d  by Jo n es  and D em etropou lis  (1968) and 
Vogel (1981) su g g e s te d  th e s e  may a c tu a l ly  have been  as  g r e a t  as 
16 ms"*^. Even f o r  a v e ry  s h e l te r e d  bay Muus (1 9 6 8 ), u s in g  d is s o lv in g  
p l a s t e r  b a l l s ,  re c o rd e d  c u r r e n t  v e l o c i t i e s  o f  0 .2  ms . Zoospores 
o f  M a c ro c y s tis  have, been  e s tim a te d  to  swim a t  a r a t e  o f  0 .3 3  mh 
and u nder th e  m icroscope th e y  f r e q u e n t ly  changed d i r e c t i o n  and showed 
no t a c t i c  re s p o n s e s  (N orth  1 9 72 ). I t  would seem th e r e f o r e  t h a t  th e  
m o t i l i ty  o f  zo o sp o res  p la y s  o n ly  a m inor r o le  in  t h e i r  d i s p e r s a l ,  
however i t  may p la y  a more im p o rta n t p a r t  in  th e  s e t t le m e n t  o f sp o re s  
once th e y  have reac h ed  th e  calm w a te r  o f  th e  boundary  l a y e r ,  c lo se  
to  th e  ro c k  s u r f a c e .
The s in k in g  v e lo c i ty  o f  a p ropagu le ,m ay  a l s o  in f lu e n c e  how f a r  
i t  w i l l  be c a r r i e d  by th e  t i d e  b e fo re  i t  re a c h e s  th e  ro c k  s u r f a c e .
The s in k in g  r a t e s  o f  e le v e n  sp e c ie s  o f  re d  a lg a e  have been  s tu d ie d
by a llo w in g  th e  p ro p a g u le s  to  f a l l  th ro u g h  th e  f i e l d  o f view  o f  a 
h o r iz o n ta l ly - p o s i t io n e d  in v e r te d  phase m icroscope. In  g e n e ra l i t  
was found t h a t  th e  s in k in g  v e l o c i t i e s  o f th e  sp o re s  in c re a s e d  w ith  
in c re a s in g  s iz e  (Okuda and N eushul 1 9 8 1 ), However th e  a c tu a l  s iz e  
o f  th e  re d  a l g a l  sp o re s  was c o n s id e ra b ly  u n d e r-e s tim a te d  as  th e  
a u th o rs  d id  n o t in c lu d e  th e  th ic k n e s s  o f  th e  s u b s t a n t i a l  m ucilage - 
sh ea th  in  t h e i r  m easurem ents.. In  Sargassum  muticum th e  s in k in g  
v e lo c i ty  o f  th e  p ro p a g u le s  a l s o  in c re a s e d  as  th e y  in c re a s e d  in  s i z e ,  
u n t i l  th e  developm ent o f  p ro tru d in g  rh iz o id s  in c re a s e d  t h e i r  form 
d rag  and slow ed th e  r a t e  o f  d e s c e n t .  However th e  s ta g e  o f  
developm ent o f  th e  m a jo r i ty  o f  th e  g e rm lin g s , when r e le a s e d  from th e  
p a re n t p l a n t ,  was t h a t  w hich sank most r a p id ly  (N orton  and F e t t e r
1981).
The g r e a t e s t  s in k in g  v e lo c i ty  o f  0 .68  mm s ^ f o r  Sargassum  
(N orton and F e t t e r  1981) i s  sm a ll compared to  th e  v e lo c i ty  o f  w ate r 
c u r r e n t s .  S pores a re  much more l i k e l y  to  be f lu n g  a g a in s t  th e  ro c k  
s u r fa c e  by th e  tu r b u le n t  s t r u c tu r e  o f  th e  w a te r flo w  p a s s in g  ov er th e  
su b s tra tu m . The im portance  o f  tu r b u le n t  d e p o s i t io n  in  r e l a t i o n  to  
se d im e n ta tio n  o b v io u s ly  in c re a s e s  w ith  c u r re n t  speed and so i s  l i k e l y  
to  be o f  o v e r - r id in g  im portance  in  most s i t u a t io n s  in  th e  sea  (N orton 
and F e t t e r  1 9 8 1 ) . S ed im en ta tio n  may be im p o rtan t in  a r e a s - o f  s t i l l  
o r s low ly  f lo w in g  w a te r ,  f o r  example in  dense a lg a l  s ta n d s  in  s h e l te r e d  
bays o r in  th e  boundary  la y e r  o f  w a te r  c lo se  to  th e  s u b s tra tu m . The 
s in k in g  v e l o c i ty  o f  an a l g a l  p ro p ag u le  may a ls o  become more im p o rta n t 
in  lo n g  d is ta n c e  d i s p e r s a l .  Th’e v e r t i c a l  d i s t r i b u t i o n  o f  seaweed 
sp o res  in  a 20 m w a te r  column 30 km o f f  th e  c o a s t  o f  N orth  C a ro lin a
was docum ented by Am sler and S e a r le s  (1 980 ). The sm all sp o re s  o f 
green  a lg a e  and b an g io p h y c id ean  re d  a lg a e  were found th ro u g h o u t th e  
w a te r colum n, w hereas the  l a r g e r  p ro p ag u le s  o f  brown a lg a e  and 
f lo r id e o p h y c ld e a n  re d  a lg a e  w ere found n e a r to  th e  bottom  o f th e  
w ater column. T his r e f l e c t s  th e  g r e a te r  s in k in g  v e lo c i ty  o f th e  
l a r g e r  s p o re s .  I n t e r e s t i n g l y ,  in  t h i s  example th e  a lg a e  w ith  sm all 
sp o res  and hence a g r e a te r  d i s p e r s a l  shadow were th e  o p p o r tu n is t ic  
sp e c ie s  and th o se  s p e c ie s  w ith  la rg e  sp o res  and co n seq u en tly  s h o r te r  
d i s p e r s a l  d is ta n c e s  were th e  t y p i c a l l y  secondary  c o lo n is e r s .  However 
t h i s  may be sim ply  because  most o p p o r tu n is ts  te n d  to  be g reen  seaw eeds.
In  an analogous s i t u a t i o n  o f  t i n y ,  s lo w - f a l l in g  fu n g a l sp o re s  in  th e  
a tm osphere . H ir s t  and H u rst (1967) found t h a t  sp o re s  o f  d i f f e r e n t  
s iz e s  d r i f t e d  in  la r g e  d i s c r e t e  c lo u d s w ith  l a r g e r  sp o re s  a t  low er 
a l t i t u d e s .  T his was in t e r p r e te d  as  r e f l e c t i n g  th e  g ra d u a l s e d im e n ta tio n  
o f th e  sp o re s  d u r in g  t h e i r  l a t e r a l  d r i f t ,  w ith  l a r g e r  sp o re s  s in k in g  
f a s t e r .
S e v e ra l s p e c ie s  l i b e r a t e  p ro p ag u le s  in  a s s o c ia t io n  w ith  a s lim e 
s e c r e t io n  so t h a t  th e  sp o re s  a re  h e ld  to g e th e r  in  groups by th e  m ucilage 
and th u s  may have in c re a s e d  s in k in g  v e l o c i t i e s .  However t h i s  e f f e c t  
w i l l  depend v e ry  much on th e  d e n s i ty  o f  th e  s lim e  s e c r e t io n ,  i f  th e  
m ucilage i s  v e ry  much l e s s  dense  th a n  seaw ate r th e n  i t  may h e lp  th e  
sp o res  to  rem ain  a f l o a t  and cou ld  in  f a c t  in c re a s e  t h e i r  p o t e n t i a l  
d i s p e r s a l  d is ta n c e .  M ucilage s e c r e t io n  i s  a s s o c ia te d  w ith  p ro p ag u le  
r e le a s e  in  many re d  a lg a e  G r in n e l l ia  am ericana (Brannon 1897),
G r a c i l a r ia  v e r ru c o s a  (Oza and K rishnam urthy, 1 9 6 9 )î Rhodymenia p e r tu s a  
(Boney 1978) and Hypnea (M shigeni 1 9 7 6 a ).
L ib e r a t io n  o f  ca rp o sp o re s  and t e t r a s p o r e s  from  Dumontia in c r a s s a ta  
in v o lv e s  th e  s lo u g h in g  o f  s u r fa c e  p la n t  t i s s u e  (K ila r  and M athieson 
1978) w hich a g a in  may mean an in c re a s e d  se d im e n ta tio n  r a t e  as th e  
sp o res  a re  r e le a s e d  in  g ro u p s. N orton and F e t t e r  (1981) n o ted  how ever, 
t h a t  groups o f  Sargassum  muticum p ro p ag u le s  sank  f a s t e r  th a n  in d iv id u a ls  
on ly  i f  th e y  w ere in  t i g h t  c l u s t e r s ,  and th a t  lo o s e  r a f t s  o f p ro p ag u le s  
sank more s lo w ly  th a n  d id  i s o la te d  in d iv id u a ls .
The p o s s ib le  s ig n if ic a n c e  o f d i f f e r e n t i a l  d i s p e r s a l  by h av ing  
p ro p ag u le s  w ith  d i f f e r e n t  s e d im e n ta tio n  r a t e s  h as  y e t  to  be a p p re c ia te d .  
For exam ple th e  c a rp o sp o re s  in  most re d  a lg a e  a re  l a r g e r  th a n  th e  t e t r a ­
sp o res  (M shigeni 1976b; Ngan and P r ic e  1979) and have g r e a te r  s in k in g
v e l o c i t i e s  (Okuda and N eushul 1981 ), A lso in  Hypnea m ucilage s e c r e t io n
i s  o n ly  a s s o c ia te d  w ith  ca rp o sp o re  r e le a s e  w hich a g a in  su g g e s ts  t h a t  
c a rp o sp o re s  may be b e t t e r  ad ap ted  f o r  s in k in g  th a n  t e t r a s p o r e s .  Why 
t h i s  shou ld  be so i s  n o t  f u l l y  u n d e rs to o d . What i s  r e a l l y  needed i s  
an in v e s t ig a t io n  in to  the ty p e  o f  sp o res  s e t t l i n g  a t  d i f f e r e n t  d is ta n c e s  
from  th e  p a re n t  p l a n t s .
For th e  s e x u a l ly  rep ro d u c in g  seaw eeds, where the male and fem ale 
o rgans a re  bo rne  on d i f f e r e n t  p la n t s ,  th e re  must be a c r i t i c a l  d i s p e r s a l
d is ta n c e .  T h is o ccu rs  where th e  d is ta n c e  s e p a ra t in g  th e  gam etophyfes
exceeds th e  d is ta n c e  an a n th e ro z o id  cou ld  t r a v e r s e .  However, th e  
d is ta n c e  an a n th e ro z o id  can cover w i l l  be a id e d , o r even im peded, by 
w ate r c u r r e n t s .  E x p erim en ta l a t te m p ts  to  d e te rm in e  th e  c r i t i c a l  
d is ta n c e  f o r  M acro cy s tis  were u n s u c c e s s fu l (N orth  1 9 72 ).
In  th e  s e x u a lly  re p ro d u c in g  seaweeds th e re  e x i s t s  some doubt as 
to  w hether th e  d i s p e r s a l  phase i s  p r im a r i ly  th e  zygo te  o r  th e  gam etes.
There would be a  g r e a t e r  f e r t i l i s a t i o n  su ccess  r a t e  i f  f e r t i l i s a t i o n  
o ccu rred  im m ed ia te ly  a f t e r  gamete r e le a s e  and th e  zy g o tes  were d is p e r s e d ,  
as  in  Sargassum  muticum (F le tc h e r  1980 ). A s tu d y  by P o llo c k  (1970) 
on Fucus d i s t i c h u s  a ls o  su g g es ted  th a t  h e re  to o  f e r t i l i s a t i o n  o ccu rred  
very  soon a f t e r  gam ete r e l e a s e ,  w ith in  l e s s  th a n  20 m in u te s . However, 
t h i s  s tu d y  was c a r r i e d  o u t in  calm w ate r in  th e  la b o r a to r y ,  in  th e  sea  
where th e  w a te r  i s  tu r b u le n t  th e  sperm su sp en sio n  would be d i lu te d  and 
th e  eggs d is p e r s e d ,  making th e  chance o f f e r t i l i s a t i o n  l e s s  l i k e l y .
I f  gam etes a re  th e  main d i s p e r s a l  phase th e  chances o f  f e r t i l i s a t i o n  
would be g r e a t ly  reduced  by th e  e f f e c t s  o f d i l u t i o n .  I t  i s  l i k e l y  t h a t  
bo th  zygo te  and gam ete d i s p e r s a l  occur to  some e x te n t ,  a lth o u g h  th e  
ev idence  su g g e s ts  t h a t  i t  i s  p r im a r i ly  th e  zygote t h a t  i s  d is p e rs e d  
as th e  seaw eeds h a v e . adop ted  a v a r ie ty  o f methods by w hich th e  chance 
o f im m ediate f e r t i l i s a t i o n  i s  in c re a s e d .
Gamete r e l e a s e  h as  been shown to  e x h ib i t  a r e g u la r  p e r io d i c i t y  
r e l a t e d  to  th e  lu n a r  and t i d a l  c y c le s  f o r  s e v e ra l  s p e c ie s ,  th u s  
e n su r in g  a synchronous a v a i l a b i l i t y  o f la rg e  numbers o f  male and fem ale 
gam etes. T h is h as  been re p o r te d  f o r  th e  g reen  a lg a e  C ladophora 
( F r i t s c h  1945)» Enterom orpha i n t e s t i n a l i s  ( C h r i s t i e  and Evans 1962 ), 
Monostroma (Ohno 1 9 7 2 ), and HIva (Sm ith 1947); th e  brown a lg a e  
D ic tv o ta  d ic h o to m a .(W illia m s  1905), H im an thalia  e lo n g a te  (Gibb 1938) 
H e lv e t ia  c a n a l i c u la t e  (Subrahmanyan 1957) and Sargassum  ( T ahara 1909; 
F le tc h e r  1980; N orton  1981) and f o r  th e  re d  a lg a e  G lo io p e l t i s  and 
H i j ik ia  f u s ifo rm e (Boney 1965)»
O ther s p e c ie s  re sp o n d  to  d i f f e r e n t  s t im u l i .  In  Z o n aria  (B idd le  
1968 ) and D ic tv o ta  b ingham iae (F o s te r  e t  a2 . 1972) egg r e le a s e  i s
t r ig g e r e d  by l i g h t .  P e lv e t i a  f a s t i g i a t a  ( J a f f a  1 9 5 4 ), Sargassum  
muticum and th e  g a m e to p h y te s .o f  L am inaria  ja p o n ic a  do n o t r e le a s e  
gam etes under co n tin u o u s  i l lu m in a t io n  b u t can be s t im u la te d  by a s in g le  
d a rk  p e r io d  (N orton  1 9 8 1 ).
As m entioned e a r l i e r ,  i n t e r t i d a l  p la n ts  may be s t im u la te d  to  
r e le a s e  by s l i g h t  d ry in g  o u t,  a s  occu rs  d u rin g  low t i d e ,  so t h a t  f r e s h ly  
r e le a s e d  gam etes would be in te rm in g le d  by th e  r i s i n g  t i d e .  In  some 
sp e c ie s  th e  male and fem ale  gam etes a re  found in  th e  same c o n c e p ta c le .
Of th e  fu c o id s  common to  th e  B r i t i s h  I s l e  i t  i s  o n ly  Fucus s p i r a l i s  
and P e lv e t i a  c a n a l i c u la te  t h a t  a re  m onoecious. These two s p e c ie s  
occupy th e  h ig h e s t  l e v e l s  o f .th e  i n t e r t i d a l  and a re  l e s s  f r e q u e n t ly  
covered  by th e  se a  and f o r  s h o r te r  p e r io d s  o f tim e th a n  o th e r  i n t e r ­
t i d a l  f u c o id s .  In  c o n t r a s t  th e  in h a b i ta n t s  o f  th e  low er sho re  
F. v e s ic u lo s u s  and F , s e r r a tu s  a re  b o th  d io e c io u s  b u t th e y  a re  
r e g u la r ly  submerged and so have g r e a te r  o p p o r tu n ity  f o r  r e le a s e  o f 
gam etes and su b se q u en t f e r t i l i s a t i o n .
The chance o f  f e r t i l i s a t i o n  o c c u rr in g  can a ls o  be in c re a s e d  i f  
in s te a d  o f  b o th  male and fem ale gam etes b e in g  r e le a s e d  in to  th e  sea  
one i s  r e ta in e d  on th e  p a r e n t  p l a n t .  In  s e v e ra l  m onoecious sp e c ie s  
o f  Sargassum  th e  ova a re  r e t a in e d  by a s t a l k  on th e  o u ts id e  o f  th e  
c o n c e p ta c le  so t h a t  th e y  a re  n o t d is p e rs e d  (F le tc h e r  and F le tc h e r  1975). 
The oogonia o f H i.j ik ia  f u s i f orme (Boney 1965) and L am in aria  h y p erb o rea  
( B is a lp u tr a  e t  a 2 . 1971) gam etophytes a re  a ls o  r e ta in e d  in  t h i s  way.
•'Oospheres a re  d e n se , s p h e r ic a l  o b je c ts  and so s in k  q u i te  r a p id ly  
once r e le a s e d  ( F r i t s c h  1 9 4 5 ), th e  a n th e ro z o id s  on the c o n tra ry  a re  m o tile , 
n o t v e ry  dense and th e r e f o r e  more b u o y an t. However, th e y  a re  known
to  be n e g a t iv e ly  p h o to ta c t i c  and n e g a t iv e ly  a e r o t a c t i c ,  b u t p o s i t i v e ly  
g e o ta c t ic  ( F r i t s c h  194-5) p resum ably  th e r e f o r e  th e y  w i l l  s in k  and fo llo w  
th e  ova, th u s  a g a in  in c r e a s in g  th e  chance o f  f e r t i l i s a t i o n .  In  th e  
red  a lg a e ,  T i f f a n i e l l a  sn y d e ra e , th e  sp e rm a tia  a re  exuded and r e ta in e d  
in  s lim e s tr a n d s  c o n ta in in g  8-21 sp e rm a tia . The s tr a n d  rem ains 
a t ta c h e d  to  th e  male p la n t  and i s  c o n tra c te d  o r ex tended  by w ate r 
movement so t h a t  i t  i s  b ru shed  ov er th e  fem ale tr ic h o g y n e  ( F e t t e r  and 
N eushul 1 9 8 1 ). I t  i s  a l s o  p o s tu la te d  t h a t  th e  s t ic k y  s t r a n d s  o f 
sp e rm a tia  may become d e ta c h e d  and su b se q u e n tly  ad h ere  to  a fem ale 
t h a l l u s ,  th u s  b r in g in g  male and fem ale in to  even c lo s e r  c o n ta c t .
There i s  a c e r t a in  amount o f  ch em o tac tic  a t t r a c t i o n  betw een ova 
and a n th e r id ia  as  a r e s u l t  o f  pheromones e x c re te d  from  th e  ova.
These su b s ta n c e s  have been i s o l a t e d  f o r  F c to c a rp u s , C u t le r ia  and Fucus 
and a re  term ed E c to c a rp e n , M u lti f id e n  and F u c o se rra te n  r e s p e c t iv e ly .
A sim ilar* chem ica l i s  th o u g h t to  s t im u la te  r e le a s e  o f  male gam etes 
and a t t r a c t  them to  oogonia in  some o f th e  la m in a r ia n s  b u t has n o t 
y e t  been i d e n t i f i e d  (M ü lle r 1 9 8 0 ). These chem ica ls  ap p ea r n o t to  be 
e f f e c t iv e  more th a n  0 .5  mm d i s t a n t  from  fem ale c e l l s .  This would 
su g g e s t t h a t  ch e m o ta c tic  a t t r a c t i o n  i s  on ly  a v e ry  s h o r t - d is ta n c e  
phenomenon (M u lle r 1 9 81).
The r a t i o  o f  m ale-and  “fem ale gam etes i s  a l s o  an im p o rta n t f a c t o r  
in  s u c c e s s fu l  f e r t i l i s a t i o n ,  th e  g r e a te r  th e  p ro p o r t io n  o f  male gam etes 
th e  b e t t e r  th e  chance o f  th e  oogonia b e in g  f e r t i l i s e d .  In  th e  
fu c o id s  each  oogonium e m itte d  from  a c o n c e p ta c le  may c o n ta in  one, two, 
fo u r  o r  e ig h t  o o sp h eres  depend ing  on th e  s p e c ie s ,  b u t th e r e  a re  alw ays 
s ix ty - f o u r  sp e rm ato zo id s  p e r  a n th e r id iu m . The r a t i o  o f  sperm atozo ïde
to  o o sp h ères  i s  a l s o  o f  cou rse  in f lu e n c e d  by th e  number o f  c o n c e p ta c le s  
p e r  r e c e p ta c le  on male and fem ale p la n ts  and th e  r a t i o  o f  male to  
fem ale p la n t s  in  th e  p o p u la tio n . For most Fucus p o p u la tio n s  however 
th e  r a t i o  o f  male to  fem ale ap p ea rs  to  be c lo se  to  one to  one (V ernet 
and H arper 1980; Kangas e t  a l .  1 9 8 2 ). This a l s o  seems to  be t r u e  
f o r  F u r c e l l a r i a  f a s t i g l a t a (Boney 1965)» D ic ty o ta  b ingham iae (F o s te r  
e t  a l . 1972) and Dumontia (K ila r  and M athieson 1978)•
Thus a  v a r i e ty  o f f a c to r s  may in c re a s e  th e  l ik e l ih o o d  o f  a 
s u c c e s s fu l  u n io n  of, g a m e te s , . However, th e  f e c u n d i ty  o f  th e  seaw eeds, 
as d is c u s s e d  in  C hap ter I ,  i s  p ro b ab ly  t h e i r  g r e a t e s t  a id  to  sex u a l 
re p ro d u c t io n .  The la r g e  number o f  gam etes r e le a s e d  com pensates f o r  
th e  i n e v i t a b l e  w astage  o f  some gam etes d is p e rs e d  f a r  and wide by th e  
t i d e .
A la r g e  inoculum  o f  p ro p ag u le s  m ight be ex p ec ted  to  produce 
e i t h e r  a  s i g n i f i c a n t  lo n g  d is ta n c e  d i s p e r s a l  p a t t e r n  (because  th e  
d i l u t i o n  e f f e c t  would be reduced ) o r a v e ry  dense c lo se  s e t t le m e n t ,  
depend ing  on how q u ic k ly  th e  p ro p ag u le s  f e l l  to  th e  g round. Of th e  
s p e c ie s  f o r  w hich d i s p e r s a l  d is ta n c e s  have been re c o rd e d  most appear 
to  have v e ry  r e s t r i c t e d  d i s p e r s a l  p a t te r n s  f o r  b o th  s in g le  p la n ts  
and f o r  g ro u p s . P o s t e l s i a  palm aeform is was found to  have a d i s p e r s a l  
d is ta n c e  o f  l e s s  th a n  3 m (Dayton 1973» P a in e  1979) even though i t  
in h a b i t s  wave sw ept s h o re s ,  l ik e w is e  E ck lo n ia  r a d i a t a  and Sargassum  
s i n c l a i r i i  (S c h ie l  19 80 ) ,  In  r e c e n t  work on Sargassum  muticum 
(D eysher and N orton  1982) f e r t i l e  a d u l t  p la n t s  w ere t r a n s p la n te d  in to  
a re a s  d i s t a n t  from  n a t u r a l  p o p u la tio n s  and th e  su b seq u en t c o lo n is a t io n  
o f  th e  a d ja c e n t  su b s tra tu m  was fo llo w e d . C o lo n is a tio n  was v e ry  dense
w ith in  3 m o f  th e  p a r e n t  p la n t  h u t d im in ish ed  a b ru p tly  w ith  in c re a s in g  
d is ta n c e ,  A second exp erim en t on a n a tu r a l  p o p u la tio n  a g a in  showed a 
h ig h  d e n s i ty  o f  g e rm lin g s  w ith in  1 m o f  th e  p a re n t  p la n ts  and n o t 
i n s i g n i f i c a n t  s e t t le m e n t  up to  3 m away, b u t beyond t h i s  d e n s i t i e s  
were v e ry  low , a lth o u g h  a few p l a n t l e t s  a ro se  up to  30 m from th e  p a r e n ts .  
S im ila r  r e s u l t s  have a ls o  been o b ta in e d  f o r  Sargassum  muticum by 
G r itc h le y  (1 9 8 1 ). D ata f o r  A la r ia  e s c u le n ta  (Sundene 1962) a ls o  
showed t h a t  sp o re  d i s p e r s a l  was r e s t r i c t e d  to  10-12 m from  th e  p a re n t  
p l a n t . Burrows and Lodge (1950) r e p o r te d  t h a t  zy g o tes  from  a 
p o p u la tio n  o f  Fucus in  th e  co u rse  o f  a y e a r  c o lo n is e d  a  s t r i p  a lo n g  th e  
shore  e x te n d in g  up to  70 m d i s t a n t  from th e  p a re n t  p l a n t s .  No d e t a i l s  
o f th e  number and d i s t r i b u t i o n  o f  the p l a n t l e t s  were p re s e n te d  no r th e  
s iz e  o f  th e  inocu lum , a lth o u g h  i t  was n o ted  t h a t  th e  inoculum  was from 
a  dense  band o f  p l a n t s ,  10 m w ide , t h a t  f r u i t e d  c o p io u s ly . C o lo n isa tio n  
by L am in aria  l o n g i c r u r i s . was r e p o r te d  to  o ccu r up to  4-0 m d i s t a n t  from 
e x p e r im e n ta lly  p la c e d  p a re n t  p la n ts  and up to . 600 m from  a m ature 
f o r e s t  (Chapman 1 9 8 1 ).
From t h i s  ev id en ce  i t  would seem t h a t  where p la n ts  app ea r many 
. k i lo m e tre s  away from  a p o s s ib le  sou rce  th e n  th e  in o c u la  was p ro b ab ly  
o th e r  th a n  s p o re s .  Moss e t  (1981) have exam ined th e  c o lo n is a t io n  
o f  th e  N orth  Sea O il. p la tfo rm s  by L am inaria  and A la r ia  where th e  so u rce  
f o r  c o lo n is a t io n  i s  some 1Ô0 m iles  d i s t a n t .  They su g g e s t t h a t  t h i s  
i s  to o  g r e a t  a d is ta n c e  f o r  th e  zoospores to  have d is p e r s e d  and p ropose 
t h a t  f e r t i l i s e d  fem ale, gam etophytes made th e  jo u rn e y , b u t p ro v id e  no 
ev id en ce  to  su p p o r t t h i s  c o n te n tio n .  I t  seems more p ro b a b le ,  how ever, 
t h a t  c o lo n is a t io n  o c c u rre d  by f e r t i l e  d r i f t  seaweed becom ing e n ta n g le d
in  th e  p la tfo rm . A s im i la r  example i s  t h a t  o f Sargassum  muticum 
which m ig ra ted  1100 km down th e  e n t i r e  c o a s t o f  C a l i f o r n ia  in  a 
s in g le  s te p  (D eysher and N orton  1 9 82 ). This ap p ea rs  to  have o ccu rred  
by th e  d i s p e r s a l  o f  f l o a t i n g  v e g e ta t iv e  b ran ch es w hich l a t e r  became 
f e r t i l e  en r o u te .
A lgae may a l s o  be d is p e r s e d  a s  a r e s u l t  o f  th e  a c t i v i t i e s  o f  man. 
Ship  h u l l s  have lo n g  been a v a i la b le  f o r  c o lo n is a t io n  and subsequen t 
t r a v e l  round th e  w o rld . Im p o r ta tio n s  o f  s h e l l  f i s h  a re  a ls o  a means 
by which a l g a l  sp o re s  can c ro s s  th e  g lo b e . In  f a c t  i t  i s  su g g es ted  
th a t  t h i s  i s  how Sargassum  a r r iv e d  in  th e  w est from  Jap an  (Famham 
1980) and how many s p e c ie s  o f  e x o t ic  a lg a e  reach ed  H aw aii (R u s se ll  
1980 ). A lg a l sp o re s  may a ls o  be d is p e rs e d  over v e ry  much s h o r te r  
d is ta n c e s  by th e  a c t i v i t y  o f  g r a z e r s ,  where sp o res  a re  in g e s te d  and 
th e n  d e p o s i te d ,  s t i l l  v i a b le ,  s e v e ra l  c e n tim e tre s  away ( S a n te l ic e s  e t  al<
1982).
P ro p a g u le s  d is p e r s e d  by th e  t i d e  e v e n tu a lly  come to  re s t-  on th e  
su b s tra tu m . The e x a c t s i t e  where s e t t le m e n t and a tta c h m e n t occu rs  
may be d e te rm in ed  by s e v e r a l  f a c to r s  f o r  example m icro topog raphy , 
w ate r v e lo c i ty ,  a l g a l  cover and w h ip la sh  o f  th e  t h a l l i  o f  n e ig h ­
bo u rin g  a d u l t  p l a n t s .  Two o f th e s e  f a c t o r s ,  m icro topography  and 
w a te r v e l o c i ty ,  have been c o n s id e re d  in  d e t a i l  in  r e l a t i o n  to  th e  
s e t t le m e n t and s u r v iv a l .o f  Sargassum  muticum p ro p a g u le s  (N orton 
and F e t t e r  1981; N orton  1 9 8 3 ). In  flo w in g  w a te r  i t  was found 
th a t  smooth su b s tra tu m  was th e  l e a s t  fa v o u ra b le  f o r  s e t t le m e n t  and 
th a t  s e t t le m e n t  d e n s i ty  in c re a s e d  w ith  su b stra tu m  roughness  u n t i l  
an optimum ro u g h n ess  was re a c h e d . F ar few er p ro p a g u le s  s e t t l e d  on 
th e  to p s  o f  th e  sand g ra in s  c o n s t i tu t i n g  th e  sy n th e s iz e d  ro ck  su rfa c e
th a n  in  d e p re s s io n s .  W ith in c re a s in g  w a te r v e lo c i ty  th e re  was a 
p ro g re s s iv e  r e d u c t io n  in  th e  p e rc e n ta g e  o f  p ro p ag u le s  s e t t l i n g  
on th e  to p s  o f  th e  g ra in s  and a  co rre sp o n d in g  in c re a s e  in  th e  
p ro p o r tio n  accu m u la tin g  in  th e  d e p re s s io n s .  G erm lings showed 
in c re a s e d  s u r v iv a l  w ith  in c re a s in g  su b stra tu m  roughness  up to  an 
optimum where th e  d e p re s s io n s  were d eep er th a n  th e  h e ig h t o f th e  
g e rm lin g s . However, when germ lings  s e t t l e d  in  la rg e  d e p re s s io n s  
th e re  was a p o s s i b i l i t y  t h a t  th e y  may be removed by th e  sc o u rin g  
a c t io n  o f  th e  w a te r .  I t  was found t l a t  p ro p ag u le  s e t t le m e n t 
in c re a s e d  m o n o to n ic a lly  w ith  d e c re a s in g  w a te r v e lo c i ty  u n t i l  a 
maximum v a lu e  was re a c h e d . In  s ta t io n a r y  w a te r  th e  topography  
o f  th e  su b s tra tu m  was u n im p o rtan t and e q u a l numbers o f  p ro p ag u le s  
were found to  a t ta c h  on th e  to p s  o f  th e  g ra in s  a s  on th e  s id e s  
o r in - d e p r e s s io n s .
The e f f e c t  o f  m icro topography  and w a te r v e lo c i ty  on s e tt le m e n t 
i s  an a re a  o f  p ro p ag u le  eco logy  which has on ly  r e c e n t ly  been s e r io u s ly  
in v e s t ig a te d .  E a r l i e r  w orkers, in v e s t ig a t in g  th e  e f f e c t  o f  su b stra tu m  
on s e t t le m e n t  f a i l e d  to  d i f f e r e n t i a t e  betw een i n i t i a l  s e t t le m e n t and 
su b se q u e n t s u r v iv a l .  This was because  * s e ttle m e n t*  was on ly  n o ted  
when th e  p l a n t l e t s  became la rg e  enough to  c o u n t, meanwhile many may 
have s e t t l e d  s u c c e s s f u l ly  b u t su b se q u e n tly  d ie d  o f f  w ith o u t ev e r 
hav ing  been re c o rd e d  by th e  r e s e a r c h e r .
Very l i t t l e  i s  known ab o u t th e  s e t t le m e n t and d i s p e r s a l  p a t te r n  o f  
Fucus p ro p a g u le s , b u t th e  work o f Burrows and Lodge (1 9 5 0 ), u n lik e  th e  
r e s u l t s  o f  in v e s t ig a t io n s  on most o th e r  s p e c ie s ,  showed t h a t  Fucus 
p ro p ag u le s  can have q u i te  a la rg e  d i s p e r s a l  ra n g e . I t  was d ec ided
to  in v e s t ig a t e  t h i s  f u r t h e r  and a ls o  th e  e f f e c t  o f  m icro topography  
on th e  s e t t le m e n t  .o f Fucus p ro p a g u le s .
B. METHODS .
I t  was d e c id e d  to  in v e s t ig a t e  th e  d i s p e r s a l  d is ta n c e  o f  Fucus 
p ro p ag u le s  by t r a n s p l a n t in g  f e r t i l e  a d u l t  p la n t s  in to  an a re a  n a tu r a l ly  
devo id  o f  f u c o id s .  T his p re s e n te d  many p ro b lem s, as th e  fu c o id s  a re  
th e  most common o f  B r i t i s h  seaw eeds and o ccu r on a lm o st ev ery  s t r e t c h  
o f  s h o re .  However, th e  a t l e r n a t i v e  was to  denude an a r e a  o f sho re  o f  
e x i s t in g  f u c o id s ,  w hich would h av e .b een  a  v e ry  tim e-consum ing  ta s k  as 
th e  minimum a re a  r e q u ire d  was th e  w id th  o f th e  i n t e r t i d a l  zone over 
a d is ta n c e  o f  20 m.
A s u i t a b l e  s i t e  was e v e n tu a l ly  found a t  P o r te n c r o s s ,  A y rsh ire  
(F ig u re  1 ) .  I t  i s  a  f a i r l y  exposed sho re  w hich h as  a dense b a rn a c le
cover and an  ab undan t lim p e t, p o p u la t io n .  There were no fu c o id s  f o r  a
d is ta n c e  o f  s e v e r a l  hundred  m e tres  a lth o u g h  most o th e r  common a lg a l  
s p e c ie s  w ere p r e s e n t .
F . s p i r a l i s  was th e  obvious, ch o ice  o f  e x p e rim e n ta l p la n t  because  
bo th  male and fem ale gam etes a re  found on one p la n t  and as  an in h a b i ta n t  
o f  th e  u pper sh o re  i t  was conven ien tly , a c c e s s ib le  to  th e  i n v e s t i g a t o r .
F e r t i l e  F . s p i r a l i s  p la n t s ,  c o l le c te d  from M il lp o r t ,  were 
t r a n s p la n te d  in t o  th e  e x p e rim e n ta l a r e a  and th e  su b se q u en t c o lo n is a t io n  
o f a d ja c e n t  t e s t  su b s tra tu m  was fo llo w e d .
Between 60 and 80 p la n t s  were f ix e d  to  th e  sh o re  in  a  n e t  bag 0 .5  m
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squ are  w ith  a  mesh s iz e  o f  1 cm w hich was a t ta c h e d  by w ire s  a t  each
c o rn e r  and a t  i n t e r v a l s  a lo n g  th e  s id e s  to  n a i l s  embedded in  th e  ro ck
(P la te  1 ) ,  The p la n t s  w ere a rran g ed  in  th e  bag to  form  a canopy 
and secu red  by th r e a d in g  h o ld f a s t  and s t ip e  th ro u g h  th e  n e t .  O ther 
p la n ts  from  th e  same sample were re tu rn e d  to  th e  la b o ra to r y  and 
t h e i r  p ro p ag u le  o u tp u t m onito red  to  en su re  t h a t  gam etes were b e in g  
r e le a s e d .
The t e s t  s u b s t r a t a  u sed  to  fo llo w  c o lo n is a t io n  were g la s s  
25 X 75 mm m icroscope s l i d e s  p la c e d  in  groups o f  th r e e  a t  in c re a s in g  
d is ta n c e s  from  th e  p a re n t  p l a n t s .  The s l id e s  were h e ld  on th e  shore  
in  s l id e  c a r r i e r s  (F ig u re  2 , P la t e  2) which had been cem ented down 
u s in g  Purim acho*s 'J e tc e m * , a q u ic k -d ry in g  cem ent. The u se  o f  s l id e  
c a r r i e r s  meant s l i d e s  cou ld  e a s i l y  be removed and r e p la c e d .
P la in  g la s s  i s  known to  be an u n fav o u rab le  s u r fa c e  f o r  a lg a l  
c o lo n is a t io n  so a la y e r  o f  q u a r tz  san d g ra in s  were s tu c k  on to  th e  
s l id e s  u s in g  q u ic k - s e t t in g  A r a ld i t e ,  When th e  g lu e  had hardened  
th e  s l id e s  w ere soaked f o r  4-8 h ou rs in  f r e s h  w a te r  a s  t h i s  i s  known 
to  le a c h  o u t many su b s ta n c e s  to x ic  to  a lg a e  (Schonbeck and N orton 
1 9 8 0 c). The r u g o s i ty  o f  th e  s l id e s  was th e n  m easured and compared 
w ith  t h a t  o f  th e  n a t u r a l  lo c a l ,  san d sto n e  to  en su re  t h a t  th e y  were 
s im i la r .  T h is was done by exam ining th e  su rfa c e  b en ea th  a m icroscope 
and m easuring  th e  ro u g h n ess  by fo c u s in g  from th e  t i p  o f  each  peak 
to  th e  base  o f  th e :a d ja c e n t  tro u g h  as th e  o b je c t iv e  was moved a lo n g  
th e  le n g th  o f  th e  s l i d e .  The dep th  o f  each tro u g h  was c a lc u la te d  
from th e  movement o f  th e  fo c u s in g  knob o f  th e  m icro sco p e . This was 
f a c i l i t a t e d  by a  r o t a r y  p o te n tio m e te r  f ix e d  to  th e  knob and g iv in g  an 
o u tp u t d is p la y e d  on a m eter c a l ib r a te d  in  Pm (N orton and F e t t e r  1981).
The d i s p e r s a l  exp erim en t was rep ea ted , on th r e e  o c c a s io n s , l 6 th
PLATE 1: Fertile plants of F. spiralis placed on the shore in
a net bag, 0.5 m square, attached by wire to nails 
embedded in the rocks. On either side slide carriers 
are visible, awaiting colonisation.
FIGURE 2: Diagram o f th e  s l id e  c a r r i e r  used f o r  h o ld in g  m icroscope
s l id e s  to  th e  sh o re . The base  i s  a p ie c e  o f  P e rsp ex  
85 mm X 37 mm X 4- mm w ith, a c e n t r a l  h o le  10 mm from one end. 
The s l id e s  a re  h e ld  in  p la c e  w ith  two s t r i p s  o f  p l a s t i c  
c u r ta in  r a i l i n g .  T h e .r a i l in g  was m elted  down a t  th e  end 
o p p o s ite  to  th e  h o le  to  keep th e  s l i d e  in  p la c e  on a 
s lo p in g  s h o re . A p ie c e  o f  w ire  was loo p ed  th ro u g h  th e  
h o le  a t  th e  o th e r  end to  p re v e n t th e  s l i d e  b e in g  removed 
by th e  t i d e .
PLATE 2: Two slide carriers each containing one glass 25 x 75 mm
microscope slide specially prepared with a layer of 
sand grains stuck on the upper surface.
A ugust, 1982, 6 th  Ju n e , 1983 and 1 5 th  Ju n e , 1983. On each occasio n  
s l id e s  were p la c e d  a t  0 .5» 3 .0 ,  5 .0  and 10 .0  m from  th e  p a re n t  p la n t s ,  
b o th  up and down th e  sh o re  (P la te  3 )•  The s l id e s  were l e f t  in  
p la c e  f o r  a p e r io d  o f  5-7. days and th e n  r e tu rn e d  to  th e  la b o ra to r y .
The e n t i r e  s u r fa c e  o f  each s l id e  was s y s te m a t ic a l ly  examined b en ea th  
a  d i s s e c t in g  m icroscope a t  a m a g n if ic a tio n  o f x 2 4 . 5 » and th e  number 
o f zygo tes co u n ted . Where zy g o tes  were s u c c e s s fu l ly  c o l le c te d  in  
th e  f i e l d ,  t h e i r  d i s t r i b u t i o n  in  r e l a t i o n  to  s l id e  m icro topography  
was a ls o  re c o rd e d . For each  m icroscope f i e l d  th e  numbers o f 
germ lings found on th e  to p ,  s id e s  and d e p re s s io n s  o f  sand g ra in s  was 
n o te d . ■ T his was th e n  compared w ith . th e  d a ta  from  zy g o tes  s e t t l e d  
on s im i la r  s l i d e s  in  s t i l l  w a te r . in  th e  la b o ra to r y .  O ther s l id e s  
s e t t l e d  in  th e  la b o r a to r y ,  were t r a n s f e r r e d  to  th e  sh o re  f o r  17 days 
and th e  d i s t r i b u t i o n  o f  th e  g erm lings t h a t  rem ained  a f t e r  th e  p e r io d  
on th e  sh o re  was n o te d .
The p ro p o r tio n  o f  a  s l id e  su rfa c e  a re a  composed o f  s id e s ,  peaks 
and d e p re s s io n s  was c a lc u la te d  from  * co n to u r maps*. A s l id e  was 
examined under th e  b in o c u la r  m icroscope a t  x 70 t o t a l  m a g n if ic a tio n . 
The peaks were mapped on to  graph p a p e r , th e n  th e  d e p re s s io n s  were 
b ro u g h t in to  focus- and mapped. The t o t a l  s u r fa c e  a re a  f o r  each map 
was known from  th e  m icroscope f i e l d  and so an e s t im a te  o f  th e  s id e  
a re a  was o b ta in e d  by s u b t r a c t io n .  This however p ro v id e s  a s l i g h t l y  
low e s t im a te  o f  th e  s u r fa c e  a re a  o f th e  s id e s  as  no com pensation 
was made f o r  s u r fa c e  r e l i e f .  I t  was c a lc u la te d  t h a t  t h i s  method 
u n d e re s tim a te d  th e  s u r fa c e  a re a  o f  th e  s id e s  by ap p ro x im ate ly  30^ 
b u t cou ld  be as  much a s  80^ f o r  th e  s te e p e s t  s lo p e s  and as  l i t t l e  as 
% f o r  th e  low er s lo p e s .
PLATE 3; The slide carriers were placed at 0.5 m (a);
1.0 m (b); 3.0 m (c); 5.0 m (d) and 10.0 m (e) 
distances, both up and down the shore, from the 
parent plants.
c. RESULTS.
A lthough th e  t e s t  p la n ts  w ere in v a r ia b ly  found to  r e le a s e  
gam etes, Fh s p i r a l i s  zy g o tes  c o lo n ise d  th e  e x p e rim e n ta l s l i d e s  on 
on ly  one o c c a s io n  and t h a t  was in  th e  experim en t s e t  up on l6 th  
A ugust, 1982. The zy g o tes  c o l le c te d  were on th e  th r e e  s l id e s  
p o s i t io n e d  0 .5  m downshore from th e  p a re n t  p l a n t s ,  and had s e t t l e d  
a t  a mean d e n s i ty  o f  1 5 .3 7  z y g o te s  p e r  cm (± 1 .4  S .E . ) ,
These d a ta  a re  . in a d e q u a te  to  p ro v id e  an in d ic a t io n  o f th e  d i s p e r s a l  
p a t t e r n  and e f f e c t i v e  d i s p e r s a l  range  o f F . s p i r a l i s  p ro p a g u le s .
The zy g o tes  t h a t ,  s u c c e s s f u l ly  c o lo n ise d  s l id e s  in  th e  d i s p e r s a l  
exp erim en t were found to  be d i s t r i b u t e d  betw een th e  to p s ,  s id e s  and 
bottom s o f  th e  sand g ra in s  on th e  s l i d e s  as  shown in  T ab le 7 . The 
p e rc e n ta g e  o f  th e  t o t a l  s u r fa c e  a re a  p ro v id ed  by th e  th r e e  ty p e s  
o f  s u r fa c e  a r e  a l s o  g iv e n , to g e th e r  w ith  d a ta  f o r  th e  d i s t r i b u t i o n  
o f zy g o tes  s e t t l e d  i n  th e  l a b o ra to r y .
TYPE OF SURFACE 
TOPS SIDES BOTTOMS n 
S u rface  a re a  % 8 60 32 -
Zygotes c o l le c te d  on
th e  sh o re  % 2 .8  1 4 .7  82 .6  286
Zygotes s e t t l e d  in
s t i l l  w ater#  18 35 47 689
Zygotes s e t t l e d  in  
s t i l l  w a te r  and 
t r a n s f e r r e d  to  th e
sho re  f o r  17 days % 0 0 .1 6  99 .8  1223
TABLE 7: The d i s t r i b u t i o n  o f  zygo tes  betw een th e  to p s ,  s id e s  and
bottom s o f  sand g ra in s  when s e t t l e d  under d i f f e r e n t  
c o n d i t io n s ,  shown as a  p e rc e n ta g e  o f  t o t a l  number coun ted  (n)
The zy g o tes  s e t t l e d ,  in  s t i l l  w a te r showed a f a i r l y  even 
d i s t r i b u t i o n  over th e  th r e e  ty p e s  o f s u r f a c e .  However a l a r g e r  
p ro p o r tio n  o f  zy g o tes  s e t t l e d  in . d e p re s s io n s  and on peaks th a n  
ex p ec ted  and few er on th e  s id e s  o f  g ra in s  (C h i-sq u a re d ,
0 ,0 0 1 > p < 0 ,0 l) , The s l i d e s  c o l le c te d  from  th e  sh o re  had f a r  
more zy g o tes  in  d e p re s s io n s  b u t few er on b o th  s id e s  and tops*
L ikew ise  f o r  th e  s l i d e s  s e t t l e d  in  th e  la b o ra to r y  and th e n  p la ced  
on th e  s h o re , where a l l  b u t th e  zy g o tes  s e t t l e d  in  d e p re s s io n s  were 
e l im in a te d .
D. DISCUSSION
There a re 'm an y  p o s s ib le  re a so n s  why few  zy g o tes  were c o l le c te d  
in  t h e .d i s p e r s a l  e x p e rim en t. On th e  o cca s io n  when zy g o tes  were 
c o l le c te d  th e y  w ere found on s l i d e s  b en ea th  th e  n e t  bag , which had 
become d e tach ed  in  s e v e ra l  p la c e s  and th e  f e r t i l e ,  p la n ts  t r a i l e d  
over th e  a d j a c e n t . s l i d e s  by th e  t i d e .  T his su g g e s ts  t h a t  d i s p e r s a l  
m ight be r e s t r i c t e d  to  th e  su b s tra tu m  im m ediate ly  b e n e a th  th e  a d u l t  
p l a n t s ,  b u t t h i s  i s  v e ry  u n l ik e ly  in  view  o f  th e  wide d i s p e r s a l  
docum ented by Burrows and Lodge (1 9 5 0 ). I t  i s  more p ro b a b le  t h a t  
th e  zy g o tes  c o l le c te d  on th e s e  s l id e s  were covered  by th e  b la n k e t 
o f a lg a e  in  th e  n e t  bag and th u s , were n o t d is p e r s e d .
Few zy g o tes  may have been c o l le c te d  due to  an inadequacy  in  th e  
e x p e rim e n ta l te c h n iq u e , a lth o u g h  s im i la r  methods have been  s u c c e s s fu l ly  
used  by o th e r  w orkers f o r  o th e r  p la n t ,  s p e c ie s .  However th e  p ro ced u re  
cou ld  be im proved by in c re a s in g  th e  sam pling  a re a  by e i t h e r  u s in g  
l a r g e r  s l i d e s  o r  more o f  them or by c le a r in g  a re a s  o f  ro c k  and
m o n ito rin g  su b se q u e n t c o lo n is a t io n  over a lo n g e r  p e r io d  o f  tim e .
The main problem  was in  s e le c t in g  a  s u i ta b le  s i t e ,  a s  th o s e  a re a s  
devoid  o f  Fucus a l s o  te n d ed  to  be q u i te  exposed . T his may have 
meant few z y g o te s  were a b le  to  s e t t l e  f o r  N orton and F e t t e r  (1981) 
showed in  th e  la b o r a to r y  t h a t  s e t t le m e n t r a t e  d e c re a se d  w ith  
in c re a s in g  w a te r  v e l o c i t y .  The exposure o f th e  s i t e  a l s o  meant 
t h a t  th e  bag c o n ta in in g  th e  a lg a e  was damaged on one o c c a s io n  and 
a la rg e  p ro p o r t io n  o f  th e  f e r t i l e  a lg a e  were s u b se q u e n tly  l o s t .
I t  i s  a l s o  p o s s ib le  t h a t  p ro p ag u le  r e le a s e  and d i s p e r s a l  may have 
been a f f e c t e d  by th e  p la n ts  b e in g  c o n ta in e d  in  a n e t  bag .
F. s p i r a l i s  i s  q u i t e  a  sm a ll p la n t , .  15-30 cm in  le n g th ,  and as in  
th e  o th e r  s p e c ie s ,  the r e c e p ta c le s  a re  borne on th e  ends o f  th e  t h a l l i .  
The maximum h e ig h t  o f  p ro p ag u le  r e le a s e  th e re fo r e  i s  30 cm above 
th e  su b s tra tu m . I f ,  a s  Baker (1910) su g g es ted , th e  p la n t s  r e le a s e  
t h e i r  gam etes on th e  r i s i n g  t i d e ,  a f t e r  a p e r io d  o f  ex posu re  to  a i r ,  
th e n  th e  h e ig h t  o f  th e  inoculum  may be much l e s s  th a n  30 cm because  
a t  th e  tim e  o f  p ro p ag u le  r e le a s e  th e  p la n ts  would n o t be u p r ig h t .  
C ontainm ent o f  p la n ts  in  a  bag th e r e f o r e  i s  u n l ik e ly  to  a f f e c t  th e  
h e ig h t  o f  r e l e a s e  andhence d i s p e r s a l  d is ta n c e .
However, th e  c lo s e n e s s  o f  th e  p la n ts  in  th e  bag may have reduced  
th e  d eg ree  o f  d ry in g  o u t a t  low t i d e  and hence a f f e c t e d  p ro p ag u le  
o u tp u t .  The la c k  o f  zy g o tes  c o lo n is in g  th e  e x p e rim e n ta l s l id e s  was 
n o t due to  th e  f a c t  t h a t  th e r e  were few gam etes in  th e  c o n c e p ta c le s  o f 
th e  p la n ts  a s  p la n ts  c o l le c te d  from th e  same sam ple aS th o s e  used in  
th e  ex p e rim en ts  c o n ta in e d  many gam etes and r e a d i ly  r e le a s e d  them in  
th e  la b o r a to r y .
S p ec ie s  f o r  w hich th e  d i s p e r s a l  p a t t e r n  has been  s u c c e s s f u l ly  
in v e s t ig a te d  r e le a s e  la rg e  numbers o f  p ro p ag u le s  over a s h o r t  f e r t i l e  
se a so n . Sargassum  f o r  example r e l e a s e s  th e  m a jo r i ty  o f  i t s  p ro p ag u le s  
in  d i s c r e t e  p u ls e s  o v er a p e r io d  o f  two months ( F le tc h e r  and F le tc h e r  
1 9 7 5 ). Fucus w hich i s  n o t known to  e x h ib i t  m onthly o r  b im on th ly  
p e r io d i c i t y  p ro b a b ly  r e le a s e s  a  sm a ll number o f  eggs ov er a lo n g  
p e r io d  o f  t im e . T h ere fo re  a t  any one tim e i t  i s  u n l ik e ly  t h a t  
many eggs w i l l  be a v a i l a b l e . t o  c o lo n is e  th e  su rro u n d in g  ro c k .
Hruby and N orton  (1979) c o l le c te d  s u r fa c e  w a te r  from  th e  F i r t h  o f  
Clyde and found v e ry  few fu c o id  p ro p ag u le s  in  t h e i r  sam p les . The 
maximum was 12 in  one 4-00 ml sam ple w hereas s p e c ie s  such  as  B lid in g ia  
and Enterom orpha were c o l le c te d  in  la r g e  numbers o f  up to  675 and 917 
sp o re s  r e s p e c t iv e ly  p e r  4-00 ml o f  w a te r .  However i t  m ust be 
remembered t h a t  th e s e  d a ta  were, from  s u r fa c e .w a te r s  and a s  Fucus 
h as  r e l a t i v e l y  la r g e  p ro p a g u le s  they, may have been ,m ore abundant low er 
in  th e  w a te r  colum n.
Hruby and N orton  (1979) a ls o  n o te d  t h a t  seaweed sp o re s  were 
p a tc h i ly  d i s t r i b u t e d  in  th e  se a .a n d  t h i s  was r e f l e c t e d  in  a  p a tch y  
c o lo n is a t io n  o f  th e  s h o re .  They proposed  t h a t  p ro p ag u le s  r e le a s e d  
by seaweed on im m ersion would be mixed in to  a  f a i r l y  un ifo rm  su sp en sio n  
by th e  w a te r  tu rb u le n c e ,  b u t t h a t  t h i s  su sp en sio n  would be d is p e rs e d  
as a  b a tc h  by w a te r  c u r r e n t s .  F u rth erm o re , any p a tc h in e s s  in  th e  
d i s t r i b u t i o n  o f  th e  q )a ren t s p e c ie s  on th e  sh o re  may a c c e n tu a te  th e  
p a tc h in e s s  o f  t h e i r  p ro p ag u le s  in  th e  w a te r .  The e x p e rim e n ta l p la n ts  
were an i s o la te d  p a tc h  and so may have r e le a s e d  sm a ll d i s c r e t e  * clouds* 
o f  p ro p a g u le s  in to  th e  sea  w ith  each  t i d e .  These cou ld  have s e t t l e d
as  lo c a l i s e d  p a tc h e s  so t h a t  a sm all a re a  sampled on th e  sho re  may n o t 
have been c o lo n is e d  even though an a d ja c e n t a re a  o f ro c k  may have 
been d e n se ly  s e t t l e d .  T his a g a in  su g g es ts  th e  need f o r  a l a r g e r  
sam pling a re a  in  an in v e s t ig a t io n  o f d i s p e r s a l  and s e t t le m e n t .
Fucus i s  o b v io u s ly  cap ab le  o f e f f i c i e n t  c o lo n is a t io n  a s  ev idenced  
by th e  work o f  Burrows and Lodge (1950) and i t s  obv ious su ccess  on so 
many s h o re s ,  b u t i t s  s te a d y  r a t e  o f egg r e le a s e  means t h a t  th e  d is p e r s a l  
p a t te r n  may o n ly  become a p p a re n t over, a lo n g  p e r io d  o f  tim e when 
s u f f i c i e n t  numbers o f p ro p ag u le s  have s e t t l e d .  T his may .also be t r u e  
f o r  a n o th e r  member o f  th e  F u c a le s , H im an thalia  e lo n g a ta , a s  a d i s p e r s a l  
ex p erim en t, s im i la r  to  t h a t  d e sc r ib e d  f o r  F. s p i r a l i s  was c a r r ie d  o u t 
on f e r t i l e  p la n ts  o f  H, e lo n g a ta  and, ag a in  few  p ro p a g u le s  were 
c o l le c te d .
A l te r n a t iv e ly  Fucus zy g o tes  may n o t have been  c o l le c te d  because  
th e y  d is p e r s e  a  d i s t a n c e , g r e a te r  than . 10 m .before s e t t l i n g .  This i s  
ex trem ely  u n l ik e ly  in  view  o f  th e  ev idence c o l le c te d  from  o th e r  sp e c ie s  
w ith  s im i la r - s i z e d  p ro p a g u le s . I t  i s  much, more l i k e l y  t h a t  th e  la c k  
o f c o lo n is a t io n  . i s  a consequence o f th e  ch ro n ic  p a t t e r n  o f  p ro p ag u le  
r e le a s e  in  Fucus w hich means few zygo tes a re  a v a i la b le  f o r  c o lo n is a t io n  
a t  any one tim e .
A lthough t t ^  d is p e r s a l .e x p e r im e n ts  were u n s u c c e s s fu l in  p ro v id in g  
in fo rm a tio n  ab o u t th e  d i s p e r s a l  p a t te r n  o f  Fucus p ro p ag u le s  th e y  d id  
p ro v id e  some in fo rm a tio n  abou t th e  e f f e c t  o f m icro topography  on s e t t le m e n t .  
On th e  o cca s io n  when z y g o te s .were s u c c e s s fu l ly  c o l le c te d  in  th e  f i e l d  
( l6 th  A ugust, 1982) th e y  were found to ,h a v e  s e t t l e d  m ostly  in  th e  
m inute d e p re s s io n s  betw een th e  sand, g ra in s  on th e  t e s t  s u b s tra tu m .
T his was in  acco rd an ce  w ith  work on Sargassum  by N orton  and F e t t e r  
(1981) who found t h a t  betw een 37 .5#  and 6 4 .0# o f  t o t a l  s e t t le m e n t  in  
flo w in g  w a te r  was in  d e p re s s io n s ,  th e  e x a c t p ro p o r tio n  depending 
on th e  w a te r  v e lo c i ty  and m ean,depth  o f d e p re s s io n s .  The s l id e s  used 
in  th e  p r e s e n t  ex p erim en t had a wide range o f d ep th s  o f  d e p re s s io n s  
to  s im u la te  th e  n a t u r a l  s u b s t r a t a ,  b u t th e  mean was 217.67  pm (± 18 ,47  
S .E .) .  T his i s  a lm o st th r e e  tim es  th e  s iz e  o f a Fucus zygo te and i s  
ap p ro x im ate ly  th e  r a t i o  betw een th e  s iz e  o f  Sargassum  p ro p ag u le s  and 
th e  d ep th  o f  d e p re s s io n  where maximum s e tt le m e n t was found to  o ccu r. 
82,6# o f th e  t o t a l  s e t t le m e n t  o f  Fucus was on th e  bottom  o f  d e p re s s io n s  
which i s  c o n s id e r a b ly 'g r e a te r  th a n  th e  maximum p e rc e n ta g e  found fo r  
Sargassum . A ll  o th e r  f a c t o r s  b e in g  e q u a l , t h i s  d i f f e r e n c e  i s  most 
l i k e l y  to  be a  r e s u l t  of, th e  g r e a te r  w a te r  v e l o c i t i e s  found on th e  
shore  th a n  th o se , te s te d ,  in  th e  l a b o r a to r y .  However t h i s  s tu d y  does 
n o t d i f f e r e n t i a t e  betw een th e  i n i t i a l  s e t t le m e n t p a t t e r n  and subsequen t 
s u r v iv a l ,  u n l ik e  N orton  and F e t t e r . .(1981) who d e a l  o n ly  w ith  i n i t i a l  
s e t t le m e n t .  I t  i s  p o s s i b l e „th e re f o r e  t h a t  d u r in g  th e  few days on 
th e  sh o re  b e fo re  th e  s l id e s  were exam ined . th e re  may have been 
d i f f e r e n t i a l  s u r v iv a l  o f  th e  zy g o tes  betw een th e  th r e e  s u r f a c e s .  
C e r ta in ly  s l i d e s  s e t t le d .,  in  th e , la b o ra to r y  and moved to  th e  shore  
l o s t  a l l  th e  z y g o te s  t h a t  had s e t t l e d  on th e  to p s  and most o f  th o se  
on th e  s id e s  o f  g r a in s .  F ar few er o f  th o se  in  d e p re s s io n s  were l o s t  
and th e  ones t h a t  su rv iv e d  were, a lm o st e n t i r e l y  c o n fin e d  to  d e p re s s io n s . 
D ep ressio n s  p ro b a b ly  o f f e r  some p r o te c t io n  n o t o n ly  from  w ate r m otion 
b u t a l s o  from  d e s ic c a t io n  and g ra z in g  a n im a ls .
Z ygotes s e t t l e d . in  s ta t io n a r y  w a te r in  th e  la b o ra to r y  showed a
more even d i s t r i b u t i o n  betw een th e  th r e e  s u r fa c e s  a lth o u g h  th e re  were 
few er on th e  s id e s  th a n  would have been expec ted  from  th e  p ro p o r tio n  
o f th e  t o t a l  s u r fa c e  a re a  p ro v id ed  by each o f th e  th r e e  s u r f a c e s .  
P o s s ib ly  few zy g o tes  were found on th e  s id e s  o f  g ra in s  because  a lth o u g h  
zygo tes a re  a d h e s iv e , few a re  s t ic k y  enough to  ad h ere  on th e  s id e s  o f 
g ra in s  and so r o l l  down in to  a d e p re s s io n .
R e s t r i c t i o n  o f  zygo tes  to  d e p re s s io n s , w hether caused  by 
d i f f e r e n t i a l  s e t t le m e n t  o r by d i f f e r e n t i a l  s u r v iv a l ,  may have lo n g  
l a s t i n g  re p e rc u s s io n s  f o r  o b se rv a tio n s  on th e  sh o re  r e v e a le d  t h a t  
a la rg e  p ro p o r tio n  o f  th e  j u v e n ile  F , s p i r a l i s  p o p u la tio n  have t h e i r  
h o ld f a s t  lodged  in  c ra c k s  and c r e v ic e s .
CHAPTER I I I
INTRASPECIFIC COMPETITION AMONGST FUCUS GERMLINGS
A. INTRODUCTION
The developm ent and s u r v iv a l  o f zy g o te s , once th e y  have become 
f irm ly  a t ta c h e d  to  th e  s u b s tra tu m , may be a f f e c te d  by many f a c t o r s ,  
such as ex posu re  to  a i r  (Townsend and Lawson 1972; A lle n d e r  1977; 
Hruby and N orton  1 9 7 9 ), s a l i n i t y  (G essner and Schramm 1 9 7 1 ), 
te m p e ra tu re  (G essn er 1971) and. s i l t i n g  (Moss, M ercer and S header 
1973; N orton  1978) b u t one f a c t o r  which w i l l  e f f e c t  a l l  d ev e lo p in g  
germ lings  i s  t h e i r  i n t e r a c t io n  w ith  each o th e r ,  p a r t i c u l a r l y ,  as 
i t  ap p ea rs  t h a t  l a r g e  numbers o f  p ro p ag u le s  a re  r e le a s e d  and th e  
m a jo r ity  s e t t l e  in  c lo se  p ro x im ity  to  th e  p a re n t  p l a n t .  The d e n s i ty  
o f  zygote s e t t le m e n t  i s  an im p o rtan t in f lu e n c e  on su b seq u en t 
developm ent b ecau se  th e  d eg ree  o f  crow ding e f f e c t s  c o m p e tit io n  f o r  
l i g h t ,  space  and n u t r i e n t s .
Very l i t t l e  in fo rm a tio n  i s  a v a i la b le  on i n t r a s p e c i f i c  co m p e titio n  
in  th e  seaw eeds, p a r t i c u l a r l y  a t  th e  germ ling  s ta g e .  T h is  a re a  o f 
re s e a rc h  i s  much more advanced in  h ig h e r  p la n t  eco logy  and i t  i s  
from  th e r e  t h a t  th e  th e o ry  beh ind  i n t r a s p e c i f i c  c o m p e tit io n  i s  draw n. 
C om petition  can be d e f in e d  as *the tendency  o f n e ig h b o u rin g  p la n ts  
to  u t i l i s e  th e  same quantum o f  l i g h t ,  io n  o f a m in e ra l n u t r i e n t ,  
volume o f  space  o r  m olecule o f  w ater* (Grime 1 9 7 3 ). The th r e e  p o in ts  
l i s t e d  below  summarize th e  consequences o f  c o m p e tit iv e  p la n t  i n t e r ­
a c t io n  and a re  fun d am en ta l to  th e  co m p e titio n — d e n s i ty  th e o ry .
a) u nder co m p e titiv e , c o n d it io n s  the form o r s iz e  o f 
a p la n t  may be m odified  w ith o u t le a d in g  to  th e  
d e a th  o f  th e  p la n t ,  th e s e  m o d if ic a t io n s  a re  known 
as  * p l a s t i c  re sp o n se s* .
b) d e a th  w i l l  o ccu r i f  th e  c a p a c ity  o f  a p la n t  to  
w ith s ta n d  c o m p e titio n  by means o f i t s  p l a s t i c  
re sp o n se s  i s  exceeded .
c) when th e  c a r ry in g  c a p a c ity  o f  a h a b i t a t  has been 
reach ed  f u r th e r  grow th can on ly  occur a t  th e  
expense o f  some o f  th e  biom ass a lre a d y  p r e s e n t .
B earin g  th e s e  p o in ts  in  mind we can c o n s id e r  th e  developm ent o f  
m onospecific  even-aged  s ta n d s  over tim e . At th e  s e e d lin g  s ta g e  mean 
p la n t  b iom ass i s  in d ep en d en t o f  s ta n d  d e n s i ty ,  b u t as  th e  p la n ts  
in c re a s e  in  s iz e  th e y  b eg in  t o , i n t e r f e r e  w ith  each  o th e r* s  grow th by 
com peting f o r  th e  same e s s e n t i a l  r e s o u rc e s .  T h is can occur even 
when a l l  f a c t o r s  a re  fa v o u ra b le  f o r  grow th. At h ig h e r  d e n s i t i e s ,  
where c o m p e tit io n  i s  more in te n s e  p la n ts  grow on average  more slow ly  
so t h a t  over tim e  mean p la n t  biom ass becomes d e n s ity -d e p e n d e n t.
This is illustrated in Figure 3.
Competing p o p u la t io n s .a t  d i f f e r e n t  d e n s i t i e s  can a l l  be f i t t e d  
to  a h y p e rb o lic  cu rve  t h a t  r e l a t e s  m ean ,p lan t w eigh t and d e n s i ty  o f  
su rv iv o rs  (K ira  e t  a l .  1953).
w = Kd ( 1 )
o r log^Q w = log^^E  -  a log^^d  (2)
where w = mean above ground p la n t  biom ass (g)
2
d = d e n s i ty ,  number o f p la n ts  per. m
K = c o n s ta n t
a = th e  co m p e titio n  -  d e n s ity
index  ra n g in g  betw een 0 and 1
At v e ry  low d e n s i t i e s  most in d iv id u a ls  a re  s u f f i c i e n t l y  w idely  
spaced n o t to  compete f o r  r e s o u rc e s .  At such d e n s i t i e s  a sm all 
in c re a s e  in  th e  number o f  p la n ts  has l i t t l e  o r no e f f e c t  on t h e i r  
mean b io m ass. T h e re fo re  th e  s lo p e  o f  th e  l i n e  r e l a t i n g  mean d ry  
w eigh t p e r  p la n t  to  d e n s i ty  i s  alw ays zero  ( i . e .  a = o) and th e re
i s  a d i r e c t  l i n e a r  in c re a s e  in  y ie ld  p e r  u n i t . a r e a  w ith  in c re a s in g
d e n s i ty .  T his p a r t  o f  th e  r e l a t io n s h ip  i s  deno ted  as  phase 1 in  
F ig u re  3 .
At in te rm e d ia te  d e n s i t i e s  how ever, p la n ts  may compete and t h i s  
can r e s u l t  in  reduced, grow th r a t e  and m o d if ic a tio n s  o f  p la n t  form . 
For example in  h ig h e r  p la n ts  th e re  may be a r e d u c t io n  in  th e  s iz e  
and number o f  b ra n c h e s , le a v e s ,  f lo w e rs  an d .se e d s  (W atkinson 1981). 
Under th e s e  c irc u m s ta n c e s , w ith  in c re a s in g  d e n s i ty ,  th e  d e c re a se  in  
th e  mean biom ass p e r  p la n t  c o u n te ra c ts  th e  g r e a te r  number o f p la n ts ,  
As a r e s u l t  th e  y ie ld  p e r  u n i t  a re a  approaches a c o n s ta n t  v a lu e  f o r  
a  ran g e  o f d e n s i t i e s  and i s  e q u iv a le n t  to  th e  c a r ry in g  c a p a c ity  o f 
th e  en v iro n m en t. T his i s  d e sc r ib e d  by th e  e x p re s s io n :
w = Kd"^ (3)
when a  = 1 .
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FIGURE 3ï A g e n e ra l is e d  g ra p h ic a l  scheme f o r  r e p re s e n t in g
c o m p e ti t io n -d e n s ity  e f f e c t s ,  ( a f t e r  W hite 1980).
S u b sc r ip te d  t  in d ic a te s  su c c e ss iv e  tim e p e r io d s .
At h ig h  d e n s i t i e s  p la n ts  grow on average  more s low ly
so t h a t  over tim e mean p la n t  biom ass becomes d e n s ity -
dependent i l l u s t r a t e d  by th e  in c re a s e  in  s lo p e  o f
th e  l i n e  betw een t „  and t ^ .2 5
I n s e t  shows th e  fo u r  main phases o f  th e  c o m p e tit io n -  
d e n s i ty  e f f e c t ,  d e sc r ib e d  in  th e  t e x t .
T his i s  shown in  phase 2 o f  F ig u re  3 . As y ie ld  i s  c o n s ta n t
over a ran g e  o f  d e n s i t i e s  th e  e x p re s s io n  has been term ed *the law  o f
c o n s ta n t f i n a l  y ie ld * .
At h ig h  d e n s i t i e s  th e  a b i l i t y  o f  a p la n t  to  com pensate f o r
c o m p e tit iv e  s t r e s s  by p l a s t i c i t y  o f  form  may be exceeded  and so
m o r ta l i ty  may o c c u r . M o r ta l i ty  due to  d e n s i ty  e f f e c t s  w ith in  a
pure  s ta n d  i s  term ed  * s e l f - t h i n n i n g *. The r a t e  a t  w hich p la n ts  d ie
because o f  c o m p e tit io n  in  crowded even-aged  s ta n d s  i s  de term ined
by th e  e q u a t io n :
w = Kd o r w = Kd (4-)
T his i s  known as  th e  - /2  power law  (Yoda ^  a l .  1 9 6 3 ). I t
d e s c r ib e s  a boundary  l i n e  o f  s lo p e  3 6 ° .which d e s ig n a te s  th e  maximum
p e rm is s ib le  com b in a tio n  o f  d e n s i ty  and mean p la n t  b iom ass i t  i s
t h e o r e t i c a l l y  p o s s ib le  to  a c h ie v e . S tands in  th e  re g io n  o f  th e
boundary l i n e  lo s e  in d iv id u a ls  a s  they , accum ulate  biom ass and so
t r a v e l  a lo n g  th e  l i n e ,  b u t canno t ex ten d  beyond i t .  Thus over tim e
a  s ta n d  p r o g r e s s iv e ly  comes to  be com posed.of few er l a r g e r  in d iv id u a ls
as shown in  F ig u re  4..
The * -  /2  power la w ’ has  been . f i t t e d  to  over one hundred p la n t
sp e c ie s  ra n g in g  from  h e rb s  to  t r e e s  (Westoby 1977) and lo g ^^  K i s
ty p i c a l l y  betw een 3*5 and 4-*3 (W hite 1980 ). The biom ass a t  a g iven
d e n s i ty  can v a ry  s ix - f o ld  betw een d i f f e r e n t  s p e c ie s  depending  on
l6p la n t  s i z e ,  b u t t h i s  i s  sm all compared to  th e  10 f o ld  v a r i a t io n  in  
biom ass as  a  f u n c t io n  o f  d e n s i ty  (H utch ings 1 9 8 3 ). E nv ironm enta l 
f a c to r s  may a f f e c t  th e  r a t e  o f  accu m u la tio n  o f  biom ass b u t n o t th e
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FIGURE 4.: The s lo p e  o f - /2  i s  th e  boundary c o n d i t io n .  , Arrows
in d ic a te  th e  t r a j e c t o r i e s  t h a t  s ta n d s  o f  p la n ts  
t h e o r e t i c a l l y  fo llo w  a t  d i f f e r e n t  b io m a ss -d e n s ity  
com binations  (Westoby 1981). In  th e  re g io n  o f  th e  
th in n in g  l i n e  (A,B) even-aged s ta n d s  low in d iv id u a ls  
as  th e y  accum ulate  biom ass in  such a way a s  to  t r a v e l  
a lo n g  th e  l i n e .  Even-aged s tan d s  w e ll below  th e  
l i n e  (C) accum ulate  biomass, w ith o u t m o r ta l i ty  and r i s e  
to  th e  l i n e .  S tands do n o t e n te r  th e  a r e a  beyond th e  
th in n in g  l i n e  from  below (b u t see W estoby and Howell 
1 9 81 ).
s lo p e  o f  th e  th in n in g  l i n e .
E ven-aged m o n o sp ec ific  s ta n d s  o f  seaw eeds, a l s o  ap p ea r to  conform 
' 3to  th e  /2  power law * . The r e la t io n s h ip  betw een lo g ^ ^  mean fro n d  
w eigh t and lo g ^ ^  fro n d  d e n s i ty  has. been d e te rm in ed  f o r  s e v e ra l  sp e c ie s  
o f  a lg a e  in c lu d in g  F. v e s ic u lo s u s  (Cousens and H utch ings 1983) and 
in  a l l  e x c e p t one case  i t  was a lo n g  o r below th e  th in n in g  l i n e  d e sc r ib e d  
by th e  e q u a t io n  lo g ^ ^  w = ^ .3  -  1 .5  log^^  d . The e x c e p tio n  was a 
s tan d  o f  A sconhyllum  w hich had an ex trem ely  p o s i t i v e ly  skewed fro n d  
w eigh t fre q u e n c y  d i s t r i b u t i o n .  In  such, a case  .an  a r i th m e t ic  mean 
was a poor d e s c r ip t o r  o f  th e  p o p u la tio n  and when th e  g eom etric  mean 
was used  th e  r e l a t i o n s h ip  f e l l  below  th e  th in n in g  l i n e  (Cousens and 
H utch ings 1 9 8 3 ).
The *law o f  c o n s ta n t  f i n a l  y ie ld *  has a ls o  been a p p l ie d  to  th e  
a lg a e .  The r e l a t i o n s h ip  betw een d e n s i ty  and. f i n a l  y ie ld  was 
in v e s t ig a te d  f o r  F o rp h v ra  te n e r a  g row ing .on  h ib i  n e t s  (Y oshida 1972). 
D uring th e  e a r ly  s ta g e  o f  grow th a l a r g e r  y ie ld  was o b ta in e d  from 
h ig h  d e n s i ty  s ta n d s ,  b u t a t  m a tu r ity  th e  y ie ld  reac h ed  a  maximum value  
o f  2g p e r  10 cm .of h i b i  s t r i n g  in d ep en d en t o f  d e n s i ty  which ranged  
from 4-00-2000 p la n ts  p e r  10 cm o f h i b i  s t r i n g .
A ccounts o f  in d iv id u a l  p la n t  w eig h ts  and s ta n d  d e n s i t i e s  o f 
seaweeds a r e  g e n e ra l ly  uncommon in  th e  l i t e r a t u r e .  There i s  abundant 
ev idence  on th e  g e n e ra l e f f e c t s  o f  d e n s i ty ,  a lthough , o f te n  in  r e l a t i o n  
to  o th e r  e n v iro n m e n ta l v a r i a b le s ,  A re d u c t io n  in  p la n t  s iz e  w ith  
in c re a s in g  d e n s i ty  h as  b e e n .r e p o r te d .f o r  Chondrus c r is p u s  (Simpson 
e t  a l .  1 9 7 8 ), G h o rd aria  (R ice and.Chapman 1 9 8 2 ) , .D u rv i l le a  (Hay and 
South 1 9 79 ), Fucus d i s t i c h u s  (McLachlan e t .ad . 19 7 1 ), I r id a e a  c o rd a ta
(Adams and A usten  1 9 7 9 ), L am in arla  (Fang and J ia n g  1963» Jupp  and 
Drew 1974; G erard  and Mann 19 7 9 ); and N e re o c v s tis  le u tk a n a  sp o ro p h y tes  
(Vadas 1 9 7 2 ). An in c re a s e  in  m o r ta l i ty  w ith  an in c re a s e  in  d e n s i ty  
has a ls o  been  r e p o r te d  f o r  E g reg ia  la e v ig a t a  (B lack  1974) and 
L e a th e s ia  d i f f o r m is  (Chapman, and Goudey 1983).
Only S c h ie l  and C heat (1980) have su g g ested  th a t  seaw eeds d i f f e r  
from h ig h e r  p la n t s  i n  t h e i r  re sp o n se  to  d e n s i ty .  They re p o r te d  th e  
E ck lo n ia  r a d i a t a  and S argassum . s i n c l a i r i i  both, grew l a r g e r  a t  h ig h  
d e n s i t i e s  th a n  low . However t h i s  work has been c r i t i c i s e d  on s e v e ra l  
p o in ts  (B raw ley and Adey 1980î Cousens and H utch ings 1 9 8 3 ). S c h ie l  
and Choat assumed t h a t  th e  on ly  d if f e r e n c e  betw een t h e i r  s ta n d s  was 
in  p la n t  d e n s i ty .  There may a ls o  have been d if f e r e n c e s  in  a b i o t i c  
f a c to r s  so t h a t  th e  dense  s ta n d s  were growing in  more fa v o u ra b le  
c o n d it io n s  and th e re fo re  produced, l a r g e r  in d iv id u a ls  in  s p i t e  o f  
crow ding. F u rth e rm o re , s ta n d s  were n o t s tu d ie d  ov er t im e , so t h a t  th e  
f i n a l  d e n s i t i e s  re c o rd e d  may n o t  have been  r e p r e s e n ta t iv e  o f  th e  d e n s i ty  
d u rin g  th e  grow th p e r io d ,  p a r t i c u l a r l y  as th e  a d v e rse  c o n d it io n s  o f  
th e  m arine env ironm en t may cause d r a s t i c  changes in  p o p u la tio n  s t r u c tu r e  
in  a s h o r t  p e r io d  o f  t im e .
D e n s ity  a p p e a rs  to  be an im p o r ta n t .f a c to r  in  th e  p o p u la t io n  b io lo g y  
o f a d u l t  seaweeds', and so i t  a l s o  may be im p o rta n t in  th e  e s ta b l is h m e n t 
and growth o f  th e  v e ry  e a r ly  ju v e n i le  s ta g e s .  The e f f e c t s  o f  i n t r a ­
s p e c i f i c  c o m p e tit io n  on germ lin g  growth were in v e s t ig a te d ,  f o r  F . s e r r a t u s , 
F . v e s ic u lo s u s  and F. s p i r a l i s  germ lings u p .to  a maximum age o f  50 days 
by w hich tim e th e  g e rm lin g s  w ere u p r ig h t  c y l in d r i c a l  b o d ie s  a t ta c h e d  to
th e  su b s tra tu m  by s e v e r a l  r h lz o id s .  To a s s e s s  th e  b ro a d e r  
e c o lo g ic a l  s ig n i f i c a n c e  o f  d e n s i ty  on grow th, exposu re  to  a i r  
and g ra z in g  w ere s e le c te d  as  two im p o rta n t f a c to r s  whose e f f e c t s  
m ight be in f lu e n c e d  by th e  d e n s i ty  o f  a  germ ling  law n.
B. METHODS
B .l  L a b o ra to ry  S tu d ie s
a) C o l le c t io n  o f  gam etes and t re a tm e n t o f  zy g o tes
P la n ts  b e a r in g  m ature r e c e p ta c le s  were s e le c te d  and in  th e  case  
o f  th e  d io e c io u s  s p e c ie s ,  F . s e r r a tu s  and F. v e s ic u lo s u s , th e  sex 
was d e te rm in ed  by m ic ro sco p ic  ex am in a tio n  o f  s e c t io n s  o f  r e c e p ta c le .  
R e c e p ta c le s  w ere e x c ise d  and r in s e d  in  co ld  ru n n in g  ta p w a te r  f o r  one 
m inu te , b lo t t e d  w ith  ab so rb an t, p ap e r and l e f t  in  th e  la b o ra to r y  to  
d ry  f o r  a p p ro x im a te ly  30 m in u te s . They were th e n  t r a n s f e r r e d  to  
250 ml b e a k e rs  c o n ta in in g  f i l t e r e d  se a w a te r , and p la c e d  in  th e  
c o n s ta n t  te m p e ra tu re  room in  th e  l i g h t  a t  12°C f o r  12-48 h o u rs . This
method was b ased  on t h a t  used  by C allow , Coughlan and Evans (1 978 ). 
A f te r  th e y  had r e le a s e d ,  th e . r e c e p ta c le s  were removed from  th e  b eak e rs  
and th e  ex ce ss  w a te r  poured  o f f .  The gam etes w ere th e n  mixed and 
allow ed  to  s ta n d  f o r  45-60 m inu tes f o r  f e r t i l i s a t i o n  to  o c c u r . In  th e  
case  o f  th e  m onoecious .s p e c ie s , F . s n i r a l i s , most o f  th e  eggs were 
f e r t i l i s e d  d u r in g  th e  12-48 h ou r r e le a s e  p e r io d  and cou ld  be used 
d i r e c t l y .  The zy g o tes  were washed w ith  s e v e ra l  changes o f  
p a s te u r iz e d  s e a w a te r , each tim e a llo w in g  most o f  th e  zygote.s to  
sed im ent b e fo re  rem oving th e  ex ce ss  w a te r .  The aim o f  r in s in g  th e  
zygo tes was to  remove d e b r is  and a l g a l  c o n ta m in a n ts . The l a t t e r
were l a r g e ly  s p e c ie s  o f  g reen  a lg a e  w ith  sp o res  t h a t  a re  c o n s id e ra b ly  
sm a lle r  th a n  Fucus z y g o te s , co n seq u en tly  th e y  s in k  more s lo w ly  and 
most can be d eca n ted  o f f  w ith  th e  se a w a te r. Green a l g a l  co n tam in a tio n  
was on ly  a  problem  in  c u l tu r e s  s e t  up d u rin g  th e  summer months and even 
th en  on ly  a f t e r  a  p e r io d  o f  s e v e ra l  weeks, by w hich tim e most 
m easurem ents o f  grow th had been made,
b) C u ltu re  o f  germ lings
C u ltu re  s l i d e s  were 25 x 75 mm g la s s  m icroscope s l id e s  covered  by 
a la y e r  o f  n y lo n  gauze , mesh s iz e  c 50 pm, secu red  on th e  u n d e rs id e  
w ith  n y lo n  th r e a d .  T h is p ro v id ed  a b e t t e r  s u r fa c e  f o r  a tta ch m en t th a n  
a  smooth g la s s  s l i d e ,  as  th e  rh iz o id s  were a b le  to  become entw ined  in  
th e  gauze (Moss 1975). Zygotes were p ip p e t te d  over s l i d e s  submerged 
in  f i l t e r e d  p a s te u r iz e d  se a w a te r, to  en su re  an even d i s t r i b u t i o n  o f  
zygo tes on th e  s l i d e .  T o .o b ta in  a range  o f . s e t t le m e n t  d e n s i t i e s  
th e  in o c u la t in g  su sp e n sio n  o f  zygo tes was d i lu te d  s e v e r a l  t im e s . 
R e p lic a te  s l i d e s  were in o c u la te d  s im u lta n e o u sly  by p la c in g  them 
s id e  by s id e  in  b lo c k s  o f  up to  tw e lv e . The zy g o tes  w ere a llow ed  
to  a t ta c h  f o r  24-48 h o u rs , b e fo re  b e in g  t r a n s f e r r e d  to  th e  c u l tu r e  
v e s s e l .  There were tw elve  s l id e s  p e r c u ltu re , v e s s e l  i n i t i a l l y ,  
re d u c in g  to  e ig h t  by th e  end o f  th e  ex p erim en t. The c u l tu r e  v e s s e ls  
were 25 cm x 12 cm x 8 cm p e rsp ex  ta n k s  c o n ta in in g  1000 ml o f  medium 
and w ere k e p t in  th e  c o n s ta n t  te m p era tu re  room. The c u l tu r e  c o n d itio n s  
a re  d e t a i l e d  in  Appendix A.
c) A ssessm ent o f d e n s ity  (number, cm ) and growth
The d e n s i ty  o f  s u rv iv in g  germ lings was e s tim a te d  a t  each h a rv e s t
u s in g  a V ick ers  d i s s e c t in g  m icroscope a t  x 24 .5  t o t a l  m a g n if ic a tio n .
The number o f  germ lin g s  in  f i f t e e n  random ly s e le c te d  f i e l d s  was
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counted f o r  each s l id e  and co n v erted  to  th e  number p e r  cm . For th e
g r e a te r  d e n s i t i e s  x 70 t o t a l  m a g n if ic a tio n  was used  so a s  to  reduce
th e  number o f  zy g o tes  counted  in  each f i e l d .  However more f i e l d s  
were coun ted  t o .com pensate f o r  th e  sm a lle r  s u r fa c e  a re a  sam pled.
L eng th , d ry  w eig h t and p la n t  volume were re c o rd e d  as  p a ram e te rs  
o f g erm ling  grow th . To measure le n g th  a m icroscope s l i d e  was p la ced  
over th e  germ lin g s  to  p re s s  them in to  .a h o r iz o n ta l  p o s i t io n  th u s  
a llo w in g  a more a c c u ra te  m easurem ent. T w en ty -five  embryos were 
m easured on each  s l i d e .  They were s e le c te d  by means o f  random 
c o -o rd in a te s  o b ta in e d  from random number t a b l e s .  The germ lings 
were m easured a t  e i t h e r  100 x o r 40 % t o t a l  m a g n if ic a tio n  under a 
Nikon b in o c u la r  compound m icroscope*
Y ie ld  p e r  s l i d e  was a s se s se d  in  two ways, f i r s t l y  a s  th e  volume 
occupied  by the . germ lin g s  and. secondly , as t o t a l  d ry  w e ig h t. Volume 
was m easured in  a g raduated , c e n tr i fu g e  tu b e , th e  germ lings were 
c a r e f u l ly  sc rap ed  o f f  in to  a  tu b e , washed down to  th e  bottom  and 
c e n tr ifu g e d  a t  number 5 f o r  5 m inu tes in  an MSE M inor C e n tr ifu g e .
Dry w e ig h t was o b ta in e d  by rem oving th e  germ lings from  th e  
c e n t r i f u g e  tu b e  a f t e r  r in s in g  s e v e ra l  tim es in  d i s t i l l e d  w a te r and 
p la c in g  them in  p re -w eig h ed  alum inium  f o i l  cu p s . They were th e n  
d r ie d  a t  96^0 f o r  7 h o u rs .
Mean d ry  w eig h t p e r  p la n t  and mean volume p e r  p la n t  were 
c a lc u la te d  from  th e  t o t a l  v a lu e s  by d iv id in g  by th e  e s tim a te d  
number o f  g e rm lin g s  p e r  s l i d e .
d) Growth o f  germ lings in  a  s im u la ted  t i d e  regim e
I t  was h y p o th e s iz e d  t h a t  crow ding may o f f e r  m utual p r o te c t io n  
from th e  e f f e c t s  o f  d e s ic c a t io n  ex p erien ced  by germ lings d u rin g  
th e  t i d a l  c y c le .  T h e re fo re  i t  was d ec ided  to  in v e s t ig a t e  th e  
e f f e c t  o f  d e n s i ty  on growth a t  a range  o f  exp o su res  to  a i r .
The a p p a ra tu s , employed to  s im u la te  a t i d a l ,  regim e was based  on 
t h a t  used  by Townsend and Lawson (1 9 7 2 ). Four la rg e  g la s s  p l a t e s ,  
each 39 mm x 157 mm and ground on o n e .s id e  were p la ced  on a  ra c k  
which was low ered  and r a i s e d  on a 12 hour s in u s o id a l  c y c le  w ith in  a 
g la s s  ta n k  c o n ta in in g  f iv e  l i t r e s  o f  en ric h ed  seaw ate r (fo rm u la  in  
Appendix B )• One m otor was used  to  o p e ra te  two o r  fo u r  ra c k s  which 
a c te d  a s  c o u n te r-w e ig h ts  to  each o th e r ,  th e  a p p a ra tu s  i s  shown in  , 
F ig u re  5 . The ta n k s  w e re .a e r a te d  and th e  c u l tu r e  medium was changed 
w eekly . The a p p a ra tu s  w as.u sed  in  th e  c o n s ta n t te m p e ra tu re  room 
( r e l a t i v e  h u m id ity  70-72%),
P la t e s  were in o c u la te d  u s in g  th e  method d e s c r ib e d  above and were 
l e f t  submerged f o r  24-48 h o u rs , to  a llo w  th e  zy g o tes  to  a t t a c h  b e fo re  
b e in g  t r a n s f e r r e d  to  th e  a p p a ra tu s .  The l e v e l  on th e  p la te  occup ied  
by a g erm ling  d e te rm in ed  th e  p e r io d  o f  submergence t h a t  was e x p e rien ced  
d u rin g  each t i d a l ,  c y c le .  Those, a t  th e  bottom  o f th e  p l a t e  were 
c o n tin u o u s ly  submerged w hereas th o se  a t  th e  to p  were submerged f o r  
l e s s  th a n  one h ou r p e r  c y c le .  The d e n s i ty ,o f  th e  zy g o tes  was
FIGURE 5î Diagram o f  th e  t i d e  s im u la to r  showing 
p lacem en t o f  ta n k  (T ), ra c k  (R) and 
motor (M) (C rouzet type  82-34-4» 1 re v /1 2  h r s . )  
The d is ta n c e  betw een th e  maximum and minimum 
e le v a t io n  on a c y c le  was a d ju s te d  by a movable 
b e l t  h e ld  in  S lo t  (S)
e s tim a te d  by c o u n tin g  th e  number in  each o f te n  m icroscope f i e l d s  a t  
X 2 4 .5  t o t a l  m a g n if ic a tio n  f o r  f iv e  le v e l s  on each p l a t e .  Germ ling 
le n g th  was m easured f o r  a random sample o f 100 g e rm lin g s , 20 from 
each o f th e  f iv e  d i f f e r e n t  sam pling  l e v e l s .
To c a l c u la te  th e  tim e d u rin g  which each l e v e l  was submerged p e r 
c y c le  th e  fo llo w in g  a lg o ri th m  ( a f t e r  Hruby and N orton 1979) was u sed .
T _ 12 X c o s " ^ (2 (^ /m )- l)
n
where T = tim e submerged in  h ou rs
m = maximum d is ta n c e  on th e  s l id e  betw een th e  lo w es t 
l e v e l  which was o u t o f  th e  w ate r and th e  h ig h e s t  
l e v e l  which was subm erged.
D = d is ta n c e  betw een th e  lo w e s t l e v e l  o f  em ersion  and 
th e  l e v e l  a t  w hich th e  p la n ts  were m easured.
e) The a f f e c t  o f  germ lin g  d e n s i ty  o n .th e  a c t i v i t y  o f g ra z e rs
G razers  may e x e r t  a  c o n s id e ra b le  in f lu e n c e  on seaweed abundance 
and biom ass (see .V ad as  and N orton  1982) and th e r e f o r e  seemed to  be 
id e a l  f o r  i n v e s t ig a t in g  th e  b ro a d e r e c o lo g ic a l  s ig n if ic a n c e  o f  
germ ling  d e n s i ty .  For exam ple, do L i t t o r i n i d  s n a i l s ,  known to  g raze 
ju v e n ile  f u c o id s . (K night, an d .P a rk e  1950; Menge 1975 ), e x h ib i t  a 
p re fe re n c e  f o r  g ra z in g  s p a rs e  o r  dense germ ling  law ns.
The e f f e c t  o f  germ ling  d e n s i ty  on g ra z in g  by L i t t o r i n a  l i t t o r e a  
was in v e s t ig a te d  in  a ch o ice  ex p erim en t. Two s l id e s  were p la c e d  
s id e  by s id e  in  a p e t r i - d i s h  o f  f i l t e r e d  se a w a te r, one s l i d e  had a 
dense lawn o f  F . s e r r a tu s  germ lings and. th e  o th e r  a s p a rs e  law n.
The s l id e s  were l e f t  in  th e  p e t r i - d i s h  f o r  30 m inu tes b e fo re  a s n a i l  
was added so t h a t  th e r e  was some o p p o r tu n i ty  f o r  a c o n c e n tra t io n  
g ra d ie n t  o f  e x u d a te s  to  d ev e lo p . The s n a i l s  had been k e p t w ith o u t 
food f o r  4 -6  days p r io r  to  th e  experim en ts  in  an a tte m p t to  
s ta n d a rd is e  t h e i r  d eg ree  o f  h u n g er. One s n a i l  was added to  th e  
p e t r i - d i s h  a t  a p o in t  e q u i - d i s t a n t  from  th e  n e ig h b o u rin g  s l id e s  and 
which s l id e  was g razed  f i r s t  was re c o rd e d . The p o s i t io n  o f  th e  
s n a i l  was th e n  re c o rd e d  ev e ry  f iv e  m inutes over a p e r io d  o f one h o u r. 
The d e n s i ty  o f  th e  g erm ling  lawn was e s tim a te d  b e fo re  and a f t e r  
g ra z in g  to  d e te rm in e  the number o f  germ lings  consumed. The number o f  
g erm lings d is lo d g e d .b u t  n o t e a te n  by a g ra z in g  s n a i l  was de term ined  by 
co u n tin g  th é  number o f  lo o se  ly in g  germ lings in  th e  p e t r i - d i s h  a t  
th e .e n d  o f  th e  ex p e rim en t. The experim en t was r e p e a te d  e ig h t  tim es 
w ith  d i f f e r e n t  s n a i l s .a n d  germ ling  law ns. Care was ta k e n  to  
th o ro u g h ly  c le a n  th e  p e t r i - d i s h e s  betw een ex p erim en ts  as  s n a i l s  w i l l  
fo llo w  th e  t r a i l s ,  l e f t  by o th e r s .  To ensu re  t h a t  th e  s n a i l s  were 
n o t re sp o n d in g  to  some g ra d ie n t  o th e r , th a n  d e n s i ty  th e  r e l a t i v e  
p o s i t io n s  o f  th e  d e n s e l y  * seeded* s l i d e  and th e  s p a r s e ly  * seeded* one 
were v a r ie d  from d is h  to  d is h .
B .2 F ie ld  s tu d ie s
a) D e n s ity  o f n a tu r a l . s t a n d s  on th e  sho re
The d e n s i ty  o f  n a tu r a l  s ta n d s  o f  ju v e n i le  p la n ts  in  the f i e l d
was d e te rm in ed  to  en su re  th a t r e a l i s t i c  d e n s i t i e s  were b e in g  used  in
c u l tu r e .  The mean d e n s i ty  o f  F. s p i r a l i s  ju v e n i le s  was de term ined
2
by ta k in g  te n  random sam ples w ith  a 0 .5  m q u a d ra t .  The q u a d ra t was 
su b d iv id ed  in to  10 cm sq u ares  and th e  number o f  p la n ts  l e s s  th a n  3 cm
in  le n g th  was re c o rd e d  f o r  each s q u a re . D e n s it ie s  were reco rd ed  fo r  
F . s p i r a l i s  s in c e  t h i s  s p e c ie s  could  be found in  m o n o sp ec ific  s ta n d s .
F. s p i r a l i s  and P e lv e t ia .  c a n a l ic u la ta  are, th e  on ly  fu c o id s  in h a b i t in g  
th e  upper sh o re  and th e y  can be e a s i l y  d is t in g u is h e d  a t  an e a r ly  s ta g e .
b) The e f f e c t  o f  s e t t le m e n t d e n s ity  on germ lin g s  t r a n s f e r r e d  
to  th e  sh o re
To e s t a b l i s h  th a t ,a n y  d e n s ity -d e p e n d e n t grow th t h a t  m ight be 
observed  in  the l a b o ra to r y  was n o t j u s t  a phenomenon a s s o c ia te d  w ith  
c u l tu r e ,  th e  e f f e c t  o f  crow ding on g e rm lin g ,grow th was a l s o  in v e s t ig a te d  
in  th e  f i e l d .  Two l e v e l s  on th e  sho re  were s e le c te d  a t  th e  s tu d y  s i t e  
n e a r  L ion Rock on th e  I s l e  o f G rea t Cumbrae, F i r t h  o f  Clyde (F ig u re  l ) , 
The upper l e v e l ,  a t  the to p . o f  th e  F . v e s ic u lo s u s  zone was exposed to  
a i r  f o r  6 .5  h o u rs  p e r ,  t i d a l  c y c le  and the low er one, a t  th e  bottom  o f 
th e  F . v e s ic u lo s u s  zone, was exposed to  a ir .  f o r  3 .2  h o u rs  p e r  t i d a l  
cy c le  d e te rm in ed  f o r  a Spring, t i d e  (2 5 .4 * 8 3 ). T h is a llow ed  th e  e f f e c t  
o f d e n s i ty  to  be in v e s t ig a te d ,  w ith  two d i f f e r e n t  p e r io d s  o f  exposure 
to  a i r .  Roughened s l i d e s  w ere p re p a re d . in  th e  la b o ra to r y  as 
d e s c r ib e d  in  C hap ter I I  a n d ,in o c u la te d , w ith  F . v e s ic u lo s u s  z y g o te s .
The s l i d e s  w ere r e ta in e d  in  the la b o ra to ry  f o r  24 h o u rs  to  a llo w  th e  
germ lings to  become w e l l - a t ta c h e d .  At bo th  l e v e l s  l 6  s l i d e  c a r r i e r s  
(d e s c r ib e d  in  C hap ter I I )  were a t ta c h e d  to  th e  ro c k  so t h a t  th e y  
formed e ig h t  p a i r s .  One d e n se ly  s e t t l e d  s l id e  and one s p a r s e ly  
s e t t l e d  s l i d e  w ere p la c e d .in  a d ja c e n t, s l id e  c a r r i e r s  and w ere l e f t  
f o r  a  p e r io d  o f  17 d a y s . The d e n s i ty  o f  th e  g e rm lin g s was e s tim a te d  
b e fo re  th e  p e r io d  on th e  sh o re  and a f te rw a rd s  when g erm lin g  le n g th  
was a l s o  m easured .
c. RESULTS
C,1 The e f f e c t  o f  d e n s i ty  on germ ling  grow th *
G erm ling growth was found to  be s ig n i f i c a n t l y  a f f e c te d  by th e  
d e n s i ty  o f a germ lin g  s ta n d  (P la te  4 ) .  G erm lings o f a l l  th r e e  s p e c ie s  
o f Fucus responded  to  d e n s i ty  by changes in  le n g th ,  mean p la n t  biom ass 
and mean p la n t  volum e,
G erm ling le n g th  was found to  d e c re a se  in  re sp o n se  to  in c re a s in g  
s tan d  d e n s i ty ,  shown in  F ig u re s  6 , 7 a n d .8, For b o th  F . s p i r a l i s  
and F . v e s ic u lo s u s  th e  r e l a t i o n s h ip  betw een le n g th  and d e n s i ty  was 
found to  be l i n e a r ,  b u t f o r  F . s e r r a tu s  i t  was c u r v i l in e a r ,
( a n a ly s is  o f  v a r ia n c e  u s in g  F is h e r* s  o rth o g o n a l c o e f f i c i e n t s ) • The 
r e l a t i o n s h ip  betw een le n g th  and d e n s i ty  changed w ith  tim e so t h a t  th e  
d i f f e r e n c e  in  le n g th  betw een p la n ts  in  a sp a rse  s ta n d  and th o se  in  a  
dense s ta n d  became p ro g re s s iv e ly  more pronounced (F ig u re  8 ) ,  A f te r  
29 days o f  grow th F . v e s ic u lo s u s  germ lings a t  low d e n s i t i e s  were 
32,5% lo n g e r  th a n  th o se  a t  h ig h  d e n s i ty  b u t by 50 days th e y  were 
n e a r ly  69^ lo n g e r .  T h is was shown by an in c re a s e  in  s lo p e  o f th e  
r e l a t io n s h ip  betw een le n g th  and d e n s i ty .  D ata f o r  germ ling  le n g th  
a f t e r  43 days (n o t ,shown) f e l l  in to  an in te rm e d ia te  p o s i t i o n .
Mean d ry  w eig h t p e r  p la n t  h as  a n e g a tiv e  l i n e a r  r e l a t i o n s h ip  
w ith  d e n s i ty  when p lo t t e d  on a  lo g a r i th m ic  s c a le  (F ig u re  9 ) .  Thus 
as d e n s i ty  in c re a s e s  m ean,dry  w eig h t p e r  p la n t  d ec re ase s#  The 
r e la t io n s h ip s  a re  v e ry  s im i la r  and ex tend  beyond th e  th in n in g  l i n e  
fo r  a l l  th r e e  s p e c ie s .  The r e l a t io n s h ip  i s  h ig h ly  s ig n i f i c a n t  
f o r  F . s e r r a tu s  and F . v e s ic u lo s u s  (R eg ress io n  a n a ly s i s  o f  v a r ia n c e )  
b u t i s  n o t s i g n i f i c a n t  f o r  F . s p i r a l i s  (a lth o u g h  th e  c o r r e l a t i o n
%B
PLATE 4: Fucus g erm lings grown in  a  sp a rse  lawn (651 .03
p la n ts  p e r  cm + 29 .08  S .E .)  (A) a re  g e n e ra l ly  
l a r g e r  th a n  th o se  grown in  a dense lawn 
(1772 .08  p la n ts  p e r  cm^ ± 147 .08  S .E .)  (B)
(x  5 m a g n if ic a tio n )
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FIGURE 6 : R e la t io n s h ip  betw een le n g th  and d e n s i ty  o f  s u rv iv in g
g e rm lin g s  f o r  F . s p i r a l i s  a f t e r  26 days o f  g row th : 
each  p o in t  i s  th e  mean o f  25 v a lu e s  ± S .E , 
y  = -0 .0 5 9  (±  0 .0 2 2 )” *®' x + U 6 .1 5  
w here y i s  le n g th  and x i s  d e n s i ty ,  l i n e a r  r e g r e s s io n  
f i t t e d  by l e a s t  sq u a re s  m ethod.
(N .S , -  n o t  s i g n i f i c a n t  a t  5/G l e v e l )
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FIGURE 7: R e la t io n s h ip  between le n g th  and d e n s i ty  o f  s u rv iv in g
g erm lin g s f o r  F . s e r r a tu s  a f t e r  26 days o f  grow th: 
each  p o in t  i s  th e  mean o f  25 v a lu e s  t  S .E . Curve 
f i t t e d  by ey e .
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FIGURE 9î R e la tio n s h ip  betw een mean d ry  w eig h t p e r  p la n t  
(lo g ^ g ) and th e  d e n s i ty  o f su rv iv in g  germ lings 
(lo g ^ ^ ) f o r  F. s p i r a l i s  a f t e r  26 days ( O ) :  
f o r  F. s e r r a tu s  a f t e r  4-3 days ( ■  ) ; and f o r  
F. v e s ic u lo s u s  a f t e r  4-3 days ( O ) and a f t e r  
50 days ( #  ) o f  grow th 
( a ) log^Q y  = -0 .7 7  (± 0 .3 5 ) ^ '^ '  log^^  x -  0 .5 0
( ■  ) log^Q y = -0 .7 3  (± O.OOi) log^^  x -  0 .7 5
( o  ) log^Q y = -0 .7 0  (± 0.029)- log^^  x -  0.4-9
( #  ) log^Q y = -0 .7 9  (± 0 .069 ) log^^  x -  0 .1 6
where y i s  mean d ry  w eigh t p e r  p la n t  and x i s  
d e n s i ty .  L in ea r, r e g re s s io n  f i t t e d  by l e a s t  
sq u a re s  m ethod. The l i n e  i s  th e  boundary 
c o n d i t io n ,  log^^  y = 4-.3 -  1 .5  log^^  x
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c o e f f i c i e n t  i s  s i g n i f i c a n t  a t  th e  0 .1#  l e v e l ) .  The s lo p e  o f th e  
r e l a t io n s h ip  in c re a s e d  betw een 4-3 and 50 days f o r  F* v e s ic u lo s u s  as 
th e  d i f f e r e n c e  in  s iz e  betw een h ig h  and low d e n s i ty  p la n ts  became 
more a p p a re n t. U n fo r tu n a te ly  th e  r e s u l t s  f o r  29 days had to  be 
d is c a rd e d  due to  a  change in  te ch n iq u e  when i t  was r e a l iz e d  t h a t  
u n le s s  th e  g erm lings were th o ro u g h ly  r in s e d  in  d i s t i l l e d  w a te r 
p r io r  to  d e te rm in a tio n  o f  d ry  w eigh t th e  r e s u l t s  may be d i s to r t e d  
by s a l t  c o n ta m in a tio n .
Y ie ld  in c re a s e d  l i n e a r l y  w ith  an in c re a s e  in  d e n s i ty  d e s p i te  
th e  r e d u c t io n  in  mean p la n t  s iz e  w ith  in c re a s in g  d e n s i ty .  The 
r e l a t io n s h ip  betw een y ie ld  and d e n s i ty  shown in  F ig u re s  10, 11 and 
12 was h ig h ly  s i g n i f i c a n t  f o r  F . s e r r a tu s . and v e ry  s ig n i f i c a n t  f o r  
F. v e s ic u lo s u s  (R egression , a n a ly s is  o f v a r ia n c e ) .. There i s  some 
ev idence  f o r  a s im ila r ,  t r e n d  f o r  F . s p i r a l i s  (F ig u re  1 0 ) , b u t i t  i s  
n o t s i g n i f i c a n t  a t  th e  5$ l e v e l .  The r e l a t io n s h ip  between y ie ld  
and d e n s i ty  ap p ea rs  to  change w ith  t im e . The d if f e r e n c e  in  y ie ld  
betw een low d e n s i ty  s ta n d s  and h ig h  d e n s i ty  s ta n d s  i s  p ro g re s s iv e ly  
reduced  so  t h a t  th e  s lo p e  o f  th e  l i n e  te n d s  to  ze ro  (F ig u re  1 2 ) .
The d a ta  f o r  mean volume p e r  p la n t  and y ie ld ,  in  term s o f 
volume, produced v e ry  s im i la r  r e l a t io n s h ip s  w ith  d e n s i ty  as d id  
mean p la n t  biom ass and y ie ld  (m g)• Mean p la n t  volume d ec re ase d  
w ith  in c re a s in g  d e n s i ty  b u t t o t a l  y ie ld  (cm ) in c re a s e d  (T ab les  8 
and 9 ) .
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FIGURE 10: Relationship between yield (mg) and density of
surviving germlings for F. spiralis after 26 days 
of growth:
y = 4 .17  X 10"3 (± 1 .29  x 10‘ )^”‘®* x + 11.7
where y is yield and x is density. Linear 
regression fitted by least squares method .
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FIGURE 11: Relationship between yield (mg) and density
of surviving germlings for F. serratus after 
4-3 days of growth.
y = 9.90 X 10“  ^(± 4.38 x + 1 1 , 7
where y is yield and x is density. Regression 
fitted by least squares method.
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FIGURE 12:
( 0 ) 
( e )
Relationship between yield (mg) and density of 
surviving germlings for F. vesiculosus after 
days ( 0 ) and after 50 days ( • ) of growth, 
y = 2.75 X 10"2 (± 2,89 x  l O ' ^ )  x** + 24.6 
y = 2.01 X 10"2 (± 1 . 1 3  X 10"3)x** + 36.4 
where y is yield and x is density. Linear 
regression fitted by least squares method.
S p ec ies Dayso f
•growth
R eg ress io n  e q u a tio n
F, s e r r a tu s  4-3
F. v e s ic u lo s u s  4-3
F. s p i r a l i s  26
y = 2 .6 4  X 10“^(± 2 .1 1  X 10"^)**x + 2 .63
y = 3 .02  X 1 0 " ^ ( i  4 .3 4  X 10"^)^^x  + 0 .40
y = 1 .3 5  X 10~4(+ 3 ,30  x 1 0 ' ^ ) ^ \  + 0 .30
TABLE 8: The r e la t io n s h ip  betw een y ie ld  (y) in  te rm s o f  t o t a l
p la n t  volume (cm^) and d e n s i ty  o f  s u rv iv in g  germ lings (x) 
S ig n if ic a n c e  le v e l s  were c a lc u la te d  u s in g  a  r e g re s s io n  
a n a ly s i s  o f  v a r ia n c e ,  N .S . n o t s i g n i f i c a n t  a t  5% l e v e l s ,
¥r
P = 0 .0 5 , p = 0 .0 1  p = 0 .001
S p ec ie s Dayso f
growth
R eg ressio n  e q u a tio n
F. s e r r a tu s  43
F. v e s ic u lo s u s  43
F. s p i r a l i s  43
logqQy = -0 .6 9 (±  0 .0 2 ) lo g ^ ^x  -  2 .4 910'
log iQ y = -0 ,7 8 (±  0 .0 2 ) log^^x  -  2 .13
log^Qy = -0 .3 8 (+  0 .1 0 )^ ^ lo g ,^ x  -  3 .57
10'
10'
TABLE 9: The r e la t i o n s h ip  betw een log^^  mean volume p e r  p la n t  (y)
and log^Q d e n s i ty  o f  s u rv iv in g  germ lings  ( x ) .  
S ig n if ic a n c e  le v e l s  were c a lc u la te d  u s in g  a re g re s s io n  
a n a ly s i s  o f  v a r ia n c e .  N .S . = n o t s i g n i f i c a n t  a t  5% 
l e v e l ,  p ^ 0.05» ^p = 0 .0 1 , ***p = 0 .001
C.2 The e f f e c t  o f  d e n s i ty  on germ lings grow ing in  a 
s im u la te d  t i d e  regim e
The e f f e c t s  o f  d e n s i ty  and tim e submerged p e r  t i d a l  c y c le  on 
g erm ling  le n g th  a re  shown in  F ig u re s  13, 14 and 15 . In  a l l  th re e  
s p e c ie s  f o r  b o th  h ig h  and low d e n s i ty  s e t t le m e n ts  germ ling  le n g th  
d e c re a se d  w ith  in c re a s e d  p e r io d s  o f  exposure to  a i r  ( a n a ly s is  o f  
v a r ia n c e  s i g n i f i c a n t  a t  th e  0 .1 #  l e v e l ) .  At upper l e v e l s  on th e  
p l a t e s ,  where germ lings were exposed to  a i r  f o r  more th a n  9 h ou rs 
p e r  12 h ou r t i d a l  c y c le ,  th e r e  was no developm ent o f th e  zy g o te .
For a l l  s p e c ie s  maximum growth o ccu rred  a t  l e v e l s  w hich were 
c o n tin u o u s ly  subm erged.
The r e l a t i o n s h i p  betw een le n g th  and p e r io d  o f  submergence 
a p p ea rs  to  be more o r l e s s  sigm oid in  form f o r  a l l  s p e c ie s .
G erm lings d id  n o t d i f f e r  s i g n i f i c a n t l y  in  le n g th  betw een th e  
two d e n s i ty  tr e a tm e n ts  when examined over th e  f u l l  ran g e  o f 
subm ergence. However th e  in t e r a c t io n  betw een d e n s i ty  and p e r io d  
o f subm ergence was h ig h ly  s i g n i f i c a n t . ( a n a ly s is  o f  v a r ia n c e ) .  
G erm lings in  a s p a rs e  s tan d  exposed to  a i r  f o r  betw een 3 and 4 
ho u rs  p e r  12 ho u r cy c le  were l a r g e r  th a n  th o se  in  a dense s tan d  
( P la te  5 ) .  However germ lings t h a t  were exposed to  a i r  f o r  more 
th a n  4 h o u rs  p e r  c y c le  were l a r g e r  when grow ing in  a  dense s tan d  
th a n  when in  a sp a rs e  s ta n d  (P la te  6 )•  P la n t s  in  dense s ta n d s  were 
a ls o  found to  su rv iv e  a t  h ig h e r  l e v e l s  on th e  p la te s  th a n  th o se  in  
sp a rse  s ta n d s  ( P la te  7 ) .
The e x a c t  v e r t i c a l  l e v e l  a t  which the  d is a d v a n ta g e s  o f  crow ding
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FIGURE 13: Length of F, spiralis germlings after 35 days of 
growth at high ( • ) and low ( o ) densities 
in a simulated tide regime. Each point is a 
mean of 20 values ± S.E.
( • ) 1376.2 plants cm"^ ± 125.9 S.E,
( 0 ) 519.6 plants om"^ ± 48.86 S^E.
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FIGURE 14.: Length of F. vesiculosus germlings after 38 days
of growth at high ( # ) and low ( 0 ) densities
in a simulated tide regime. Each point is a
mean of 20 values ± S.E.
( # ) 681.00 plants cm’^ ± 39.06 (S.E.)
( 0 ) 5 1 9 ,6 0  plants cm"^ ± 21.23 (S.E.)
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FIGURE 15: Length of F, serratus germlings after 27 days
of growth at high ( • ) and low ( o ) densities 
in a simulated tide regime. Each point is a
mean of 20 values + S.E.
( e ) 1772.08 om"2 + 1 4 7 .08 (S.E.)
( 0 ) 6 5 1 . 0 3  cm"2 + 29.08 (S.E.)
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PLATE 5: D ensely s e t t l e d  Fucus germ lings (1772 .08  p la n ts  p er
2
cm ± 14-7.08 SE) s l id e  B, su rv iv e  lo n g e r  p e r io d s  o f 
exposure  to  a i r  in  th e  t i d a l  s im u la to r  th a n  do 
s p a r s e ly  s e t t l e d  germ lings (651 .03  p la n ts  p e r  cm ± 
29 .08  SE) S lid e  A
PLATE 6: Fucus germ lings c u l tu re d  c o n tin u o u s ly  submerged
a re  la r g e r  i f  s p a rs e ly  s e t t l e d  (A) th a n  i f  
d e n se ly  s e t t l e d . ( B )  ( x  30 m a g n if ic a tio n )
PLATE 7: G erm lings exposed to  a i r  f o r  more th a n  fo u r
h ou rs p e r  t i d a l  cy c le  a re  l a r g e r  when grown 
in  a dense s tan d  (B) th a n  when in  a sp a rse  
s ta n d  ( a) ( x  30 m a g n if ic a tio n )
#Plate 6 A B
•  •
%•  X »
Plate 7 B
w h ils t  subm erged, w ere com pensated.by i t s  advan tag es  when o u t o f 
w a te r (shown by th e  c ro s s  over p o in t  in  F ig u re s  13, 14- and 15) 
v a r ie d  s l i g h t l y  betw een s p e c ie s .  T his p o in t  was a t  3 .1  h ou rs o f  
exposure to  a i r  f o r  F , . s e r r a tu s , 4-«3 hours, f o r  F . v e s ic u lo s u s  and 
4-.7 h o u rs  f o r  F . s p i r a l i s . The .ex ac t p o in t  can n o t be d e term ined  
f o r  F. s p i r a l i s  because  th e re , i s  an a re a  o f  o v e r la p  betw een 4-.2 and 
4-.7 h o u rs  ex posu re  to  a i r  p e r  12 hour cy c le  where no s ig n i f i c a n t  
d i f f e r e n c e  in  germ lin g  le n g th  was found f o r  th e  two d e n s i ty  
t r e a tm e n ts .
C.3 The e f f e c t  o f  germ ling  d e n s ity  on g ra z in g  by L i t t o r i n a
The e f f e c t ,  o f  germ ling  d e n s ity  on g ra z in g  o f  F . s e r r a tu s  by
L i t t o r i n a  l i t t o r e a  was in v e s t ig a te d  and the r e s u l t s  a re  p re s e n te d  in
Table 1 0 . The s n a i l s  d id  n o t p r e f e r e n t i a l l y  g raze  dense o r  sp a rse
germ ling  law n s. Equal numbers o f  s n a i l s .g razed  each  d e n s i ty  f i r s t
and th e  tim e  sp e n t on each was n o t s ig n i f i c a n t l y  d i f f e r e n t  a t  th e  5%
l e v e l  (S igned  -  ra n k  t e s t ) .  The s n a i l s  d id  however g raze  1 .5  tim es
more g erm lin g s  p e r  m inute when on th e  dense lawn th a n  when on th e
s p a r s e ,  b u t a s  th e  dense law n,had  over tw ice  a s  many germ lings p e r  
2cm th a n  th e  sp a rs e  lawn i t  s u f fe re d  m a rg in a lly  l e s s  g ra z in g  damage 
in  te rm s o f  th e  p ro p o rtio n , o f  germ lings g razed  p e r  m inute (T ab le 1 0 ) .
The s n a i l s  d id  n o t  ap p ea r to  become s a t i a t e d  d u r in g  th e  p e r io d  o f
\
g ra z in g  and few germ lings were d is lo d g e d  by th e  s n a i l s  w h i ls t  g ra z in g  
th a t  were n o t consumed, t h i s  number v a r ie d  l i t t l e  betw een th e  two 
d e n s i t i e s .
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C*4' The e f f e c t  o f d e n s i ty  on germ lings t r a n s f e r r e d  to  th e  shore
The in v e s t ig a t io n  to  d e te rm in e  th e  e f f e c t  o f  d e n s i ty  and p e r io d  o f
exposure  to  a i r  on th e  grow th o f  F . v e s ic u lo s u s  germ lings in  th e  f i e l d
produced some i n t e r e s t i n g  r e s u l t s  (T able 1 1 ) . A f te r  a p e r io d  o f  17
days on th e  sh o re  a l l  th e  germ lings had been removed from th e  upper
shore s l i d e s  and over 93% from  th o se  a t  th e  low er l e v e l ,  r e p re s e n t in g
—2 —1lo s s  r a t e s  o f  up t o . 70 .6  germ lings cm day from th e  dense s ta n d s  
and 29.4- g e rm lin g s  cm day from, th e  sp a rse  s ta n d s .
As a l l  th e  germ lings had been l o s t  from, th e  upper shore s l id e s  i t  
was n o t p o s s ib le  to  t e l l  w hether th e . d e n s ity , o f th e  germ lings had 
s i g n i f i c a n t l y  a f f e c te d  p la n t  s i z e ,  however f o r  th e  low er shore s l id e s  
th e r e  was no a p p a r e n t . d if f e re n c e ,  in  le n g th  betw een th e  germ lings grown 
in  dense an d .sp a rse  .s ta n d s . I t  shou ld  a ls o  be n o ted  t h a t  because a l l  
th e  g e rm lin g s w ere l o s t  from  th e  upper s h o r e .s l i d e s  th e  lo s s  r a t e s  
p re s e n te d  in  T able .10 a re  minimum r a t e s .  I t  i s  p o s s ib le  t h a t  a l l  
th e  g e rm lin g s cou ld  have been  k i l l e d  w ith in  s e v e ra l  d a y s .
0 .5  D en s ity  o f n a t u r a l  s ta n d s  o f ju v e n ile  Fucus
The mean, d e n s ity ,  o f  n a t u r a l  s ta n d s  o f  ju v e n i le  F . s p i r a l i s
p la n t s ,  l e s s  th a n  3 cm in  le n g th ,  was reco rd ed  to  p ro v id e  a
com parison f o r  th e  d e n s i t i e s .u s e d  in  th e  la b o ra to r y  s tu d ie s .
-2The n a t u r a l  d e n s i ty  averaged  0 .7 7  cm and ranged  betw een 0 and 
2 .6 9  p la n ts  cm
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D. DISCUSSION
On th e  sh o re  th e  average d e n s i ty  o f  ju v e n ile  F , s p i r a l i s
p la n t s ,  l e s s  th a n  3 cm in  le n g th ,  was ap p ro x im ate ly  0 .8  cm
This i s  s im i la r  to  th e  d e n s i t i e s  o f  0 ,3 9  cm ^ f o r  F . s e r r a tu s  and o f
0 .1 4  cm f o r  F . v e s ic u lo s u s  c a lc u la te d  from th e  d a ta  p re se n te d  by
K nigh t and P arke  1950. As in  th e  F ir th ,  o f Clyde F , s p i r a l i s  p la n ts
3 cm in  le n g th  are . a t  l e a s t  fo u r  months o ld  (Schonbeck and N orton
1 9 8 0 a ) , i t  i s  n o t u n reaso n ab le  to  su g g es t t h a t  th e  s ta n d s  may
i n i t i a l l y  have been  a t  c o n s id e ra b ly  g r e a te r  d e n s i t i e s ,  e s p e c ia l ly  i f
n a tu r a l  s ta n d s  o f  Fucus ex p e rien ce  lo s s  r a t e s  app ro ach in g  th o se
re c o rd e d  f o r  F . v e s ic u lo s u s  germ lings on a r t i f i c i a l  s u b s t r a ta .
2Thus th e  d e n s i t i e s  o f up to  3000 germ lings p e r  cm used in  
la b o ra to r y  c u l tu r e s  p ro b ab ly  approx im ate to  n a tu r a l  i n i t i a l  
s e t t le m e n t  d e n s i t i e s  on th e  sh o re .
The d e n s i ty  o f  germ ling  s e t t le m e n t  s ig n i f i c a n t l y  a f f e c te d  p la n t  
s i z e ,  G erm ling le n g th  showed a v e ry  obvious n e g a t iv e  r e la t io n s h ip  
w ith  in c r e a s in g  d e n s i ty ,  however i t  was n o t c l e a r  w hether th e  
r e l a t i o n s h ip  was l i n e a r  o r c u r v i l in e a r .  A lthough in d is p u ta b ly  
l i n e a r  f o r  F . s p i r a l i s  and F . v e s ic u lo s u s  i t  appeared  to  be c u rv i­
l i n e a r  f o r  F . s e r r a t u s , a lth o u g h  f o r  t h i s  s p e c ie s  th e  poor s c a t t e r  o f
th e  d a ta  a lo n g  th e  x -a x is  means th e  p o s s i b i l i t y  o f  a l i n e a r  r e l a t i o n -
_ 2
sh ip  w ith  a b re a k  in  s lo p e  a t  a d e n s i ty  o f  350 p la n ts  cm cannot
be d is m is s e d . At d e n s i t i e s  o f  l e s s  th an  350 p la n ts  cm a d e c re a se  
2
in  number p e r  cm p roduces a much g r e a te r  in c re a s e  in  p la n t  le n g th  
th a n  changes in  d e n s i ty  above 350 p la n ts  cm . U n fo r tu n a te ly  th e  
range o f  low d e n s i t i e s  over which F. s p i r a l i s  and F . v e s ic u lo s u s
were grown was I n s u f f i c i e n t  to  d e term in e  w hether th e y  to o  may have 
a c u r v i l in e a r  r e l a t i o n s h ip .
Vadas (1972) w orking on young N e re o c y s tis  le u tk a n a  sp o rophy tes  
a ls o  found th e r e  was a s ig n i f i c a n t  d e c re a se  in  sp o rophy te  le n g th  a t  
d e n s i t i e s  above, 10,000 p e r 100 ml o f  c u l tu r e  medium. At t h i s  
d e n s i ty  th e  mean le n g th  o f  th e  te n  l a r g e s t  sp o ro p h y tes  from  th re e  
ex p erim en ts  was 6 .1 9  mm, b u t a t  fo u r  tim es  th e  d e n s i ty  th e  mean 
le n g th  was 3 .60 . mm and a t  e ig h t  tim es was 1 .1  mm. Hruby (1977) 
however r e p o r te d  t h a t  spore  d e n s i ty  had no e f f e c t  on th e  s iz e  o f  
B lid in g ia  m inim a.s p o r e l in g s  when m easured by th e  te n  l a r g e s t  p la n t s .  
From p e r s o n a l  o b s e rv a tio n  d e n s i ty  may n o t be found to  a f f e c t  p la n t  
s iz e  i f  m easured by th e  l a r g e s t  in d iv id u a ls ,  because  even i n  th e  
most dense Fucus s ta n d s  some, in d iv id u a ls  were n o t ic e a b ly  la r g e r  
th a n  th e  a v e ra g e  s iz e  o f  th e  m a jo r i ty .  P la n t  p o p u la tio n s  growing 
under s t r e s s  may have a skewed d i s t r i b u t i o n  o f  p la n t  w e ig h t 
(H arper 1 9 7 7 ). Obeid e t  a l .  (1967) w orking on th e  F ib e r  f l a x ,  Linum 
u s i ta t is s im u m , ■ n o te d . th a t  a h ie ra rc h y  o f  in d iv id u a ls  developed  in  a 
s ta n d  w ith  a  few la rg e  dom inants and a la rg e  number o f  su p p ressed  
p l a n t s .  S im ila r  o b s e rv a tio n s  have been made f o r  dense  f o r e s t s  o f 
L am in aria  hyperb 'o rea  where p o p u la tio n s , o f  p la n t s  w ere found to  have 
p red o m in an tly  lo n g  o r s h o r t  a t ip e s  w ith  few in te rm e d ia te s  (K ain 1971). 
Hruby (1977) and Vadas (1972) may have reached  d i f f e r e n t  c o n c lu s io n s  
i f  mean p la n t  s iz e  had been c a lc u la te d  from a random ly s e le c te d  group 
o f in d iv id u a ls  r a t h e r  th a n  from th e  l a r g e s t  in d iv id u a l s .
W ith in c re a s in g  d e n s i ty  Fucus germ lings a ls o  became sm a lle r  in  
volume p e r  p la n t, and mean biom ass, p e r  p l a n t .  The r e l a t io n s h ip s
r e l a t i n g  mean d ry  w eig h t and d e n s i ty  on a lo g a r i th m ic  p lo t  ap p ea rs  
to  ex ten d  beyond th e  boundary c o n d itio n  d e s c r ib e d  by th e  e q u a tio n  
log^Q w = 4 .3  -  1 .5  log^^d  d e r iv e d  from h ig h e r  p la n t  s tu d ie s*
P la n t  p o p u la tio n s  do n o t n o rm ally  ex tend  beyond t h i s  l i n e  because 
i t  d e s c r ib e s  th e  t h e o r e t i c a l  maximum com bination  o f  biom ass and 
d e n s i ty  t h a t  can o c c u r . However in  very  e x c e p tio n a l c a se s  some 
p o p u la tio n s  do t r a n s g r e s s  th e  l i n e .  In  an example d e s c r ib e d  by 
Westoby and Howell. (1981) seeds were sow n .at such h ig h  d e n s i t i e s  
t h a t  on g e rm in a tio n  th e  p l o t  o f  the .m ean  d ry  w eig h t o f  th e  deployed 
co ty led o n s  ex ten d ed  above th e  l i n e ,  however t h i s  was fo llo w ed  by 
r a p id  m o r ta l i ty .  The d e v ia tio n , o f  Fucus g erm lings from  th e  r u le  
canno t be e x p la in e d  by grow th due to  seed re s e rv e s  as  in  Westoby 
and Howell*s (1981). e x p e r im e n t . . The r e s u l t s  from  a l l  th r e e  sp e c ie s  
o f Fucus a r e  v e ry  sim ilar..w h ich , su g g e s ts  f h a t  i t  i s  n o t  th e  d a ta
3
th a t  a re  in  d oub t b u t p o s s ib ly  th e  a p p l i c a b i l i t y  o f  th e  *- /2  power 
law ’ where, k -  4 .3 .  The v a lu e  o f  k = 4 .3  i s  ta k e n  from  m ature 
h ig h e r  p la n ts  an d .. a lth o u g h  a p p lic a b le  to  a d u l t  seaw eeds (Cousens 
and H utch ings 1983) may n o t be a p p ro p r ia te  to  seaweed g e rm lin g s .
I t  h as  a lre a d y  been  re p o rte d , th a t ,  c o n ife ro u s  t r e e s  g e n e ra l ly  have 
h ig h e r  in t e r c e p t s - t h a n  dec iduous t r e e s  and t h a t  g ra s s e s  have h ig h e r  
i n t e r c e p t s  th a n  d ic o ty le d o n s  (L onsdale and W atkinson 1983)• S ince 
th e  i n t e r c e p t  o f  th e  ’ -  /2  power, law ’ may v a ry  betw een s p e c ie s  due to  
v a r ia t io n s  in  p la n t  geometry, and canopy shape (L onsdale  and 
W atkinson 1983) and w ith  growing c o n d itio n s  (L onsdale  and W atkinson 
1982; W estoby and Howell 1981) i t  i s  p o s s ib le  t h a t  th e  seaweeds 
may a ls o  have a d i f f e r e n t  in t e r c e p t .  A boundary l i n e  o f  s lo p e  -  1 .5
w ith  an i n t e r c e p t  o f  5 .1 4  would encompass a l l  th e  p o in ts  on 
F ig u re  9. A v a lu e  o f  5 .14  i s  no t. abnorm ally  l a r g e ,  a s  in t e r c e p t s  
o f  5 . 6 4 , 5 .82  and 6 .6 7  have, been re p o r te d  f o r  Agrostemma, G ichorium 
and F e s tu c a  r e s p e c t iv e ly  .(L onsdale and W atkinson 1983).
The s lo p e  o f  th e  r e l a t io n s h ip s  found f o r  Fucus a re  ap p ro x im ate ly
-  0 .7 0 , w e ll  below  th e . s lo p e .o f  th e  boundary c o n d itio n  which does n o t
a l t e r  w ith  c o n d i t i o n s . , This, su g g e s ts  t h a t  th e  p o p u la tio n s  have n o t
reach ed  t h e i r  l i m i t i n g  com bination  o f  d e n s ity  and b iom ass. As can
be seen  from  th e  d a ta  on F . : v e s ic u lo s u s , th e  p o p u la tio n s  approach
th e  s lo p e  over t i m e . . As th e  p la n ts  develop  th e y  w i l l  e v e n tu a lly
re a c h  a boundary  co n d itio n , w ith  s lo p e  o f -  1 .5  and b eg in  to  s e l f -
th in  b e c a u s e . i t  would be im p o ss ib le  f o r  a lg a e  to  su rv iv e  to  m a tu r ity
2
in  s ta n d s  o f  s e v e r a l  hundred p la n ts  p e r  cm p u re ly  because o f th e  
p h y s ic a l  re q u ire m e n t o f .sp a c e , fo r, h o ld f a s t  developm ent. H o ld fa s t 
fu s io n  i s  n o t uncommon in  crowded in d iv id u a ls ,  b u t p ro b a b ly  re n d e rs  
th e  p la n ts  more s u s c e p t ib le  to  ’u p ro o tin g ’ by wave a c t io n ,  f o r  i t  
red u ce s  th e  r a t i o  betw een a r e a .o f  a ttach m en t to  th e  su b s tra tu m  and 
biom ass o f  p l a n t  above.
Fucus a l s o  a p p e a rs  to  conform  to  th e  law. o f .c o n s ta n t  f i n a l  y ie ld  
as th e  s lo p e  o f  th e  lin e ,  r e l a t i n g  y ie ld  (mg) to  th e  d e n s i ty  o f  
su rv iv o rs  was fo u n d .to .a p p ro a c h  ze ro  over tim e , a lth o u g h  v e ry  m a rg in a lly . 
T his su g g e s ts  t h a t . f o r , F .  v e s ic u lo s u s ,and  p o s s ib ly  f o r  th e  o th e r  fu c o id s ,  
y ie ld  cou ld  become more, or, l e s s  c o n s ta n t  over a ran g e  o f  d e n s i t i e s  a t  
th e  germ lin g  s ta g e . .  As a consequence o f  d e n s ity -d e p e n d e n t grow th, 
p la n ts  show p l a s t i c i t y . o f  form  so, t h a t  in  dense s ta n d s  p la n ts  a re  
sm all and in  s p a rs e  s t a n d s . p la n t s  a re  l a r g e ,  hence o v e r a l l  y ie ld  i s  
c o n s ta n t .
In  th e  p a s t  many s p e c ie s .h a v e  been t e s t e d  to  see i f  th e y  conform 
to  th e  law  b u t th e r e  have been  few a tte m p ts  to  d e te rm in e  why th e  law  
a p p l ie s  s in c e  th o s e  o f Yoda e t  a l .  (1 9 6 3 ). I t  i s  n e c e ssa ry  to  
e s t a b l i s h  th e  th e o ry  beh ind  th e  law , because w ith o u t a th e o ry  th e re  
a re  no h y p o th e se s  to  t e s t  o r  r e j e c t .
The a lg a e  may be a  p a r t i c u l a r l y  u s e fu l  group o f p la n ts  f o r  th e
3
in v e s t ig a t io n  o f  th e  ’ -  /2  power law* because th e  absence o f r o o ts  
s im p l i f ie s  any in t e r a c t i o n  betw een p la n ts  by c o n f in in g  i t  to  above 
ground.
Fucus s p i r a l i s  d id .n o t  respond  to  d e n s i ty  a s  d r a m a tic a l ly  as  th e  
o th e r  s p e c ie s .  I t  was u n l ik e ly  t h a t  F . s p i r a l i s  g erm lings d i f f e r e d  
from th o se  o f  F . . s e r r a tu s  and F . v e s ic u lo s u s . i n  t h e i r  re sp o n se  to  
d e n s i ty  as  th e y  a re  s i m i l a r . i n  p h y sio lo g y  and m orphology. I t  was 
more l i k e l y  th a t .  F . s p i r a l i s  s ta n d s  were h a rv e s te d  p re m a tu re ly  a t  
26 days b e fo re  th e  e f f e c t s ,  o f  d e n s i ty  .were f u l l y  m a n ife s t .  I t  was 
c e r t a in l y  a p p a re n t from  th e  d a ta  on .F.. v e s ic u lo s u s  t h a t  th e  e f f e c t s  
o f d e n s i ty  became more marked w ith  ..time. A lso F . s p i r a l i s  was grown 
a t  c o n s id e ra b ly  h ig h e r  d e n s i t i e s  th a n  th e .o th e r s ,  and i t  was observed  
from th e  s tu d y  o f  s e r r a tu s  t h a t  th e  e f f e c t s  o f  d e n s i ty  a re  more 
a p p a re n t a t  lo w er d e n s i t i e s .
I n  th e  t i d e  s im u la to r  germ lin g s  grew b e t t e r  when c o n tin u o u s ly  
submerged r e g a r d l e s s . o f . t h e i r  n a tu r a l  p o s i t io n  on th e  sh o re . S im ila r  
r e s u l t s  w ere o b ta in e d  f o r  a  v a r i e ty  o f  s p e c ie s  by o th e r  w orkers u s in g  
t i d a l  s im u la to rs  (A lle n d e r  1977; Edwards 1977; Hruby and N orton 
1979)• I t  h a s  a l s o  been  shown t h a t  F . s p i r a l i s  p la n t s  cn th e  shore  
w i l l  grow a t  l e v e l s  w ith  g r e a te r  p e r io d s  o f  subm ergence th a n  norm al i f
r e lo c a te d  as  m ature p la n t s ,  b u t a re  n o rm ally  exclu d ed  a s  ju v e n i le s  
due to  c o m p e tit iv e  i n t e r a c t io n s  w ith  o th e r  a lg a l  sp e c ie s  
(Schonbeck and N orton  1978 ).
In  th e  t i d e  s im u la to r  germ lings growing in  a dense  s ta n d  
ap peared  to  b e n e f i t  from m utual p r o te c t io n  from d e s ic c a t io n .  The
v e r t i c a l  l e v e l  a t  w h ic h .th e  d isa d v a n ta g e s  o f  crow ding w h i ls t  
submerged were com pensated f o r  by i t s  ad van tages when o u t o f  w ater 
v a r ie d  betw een s p e c ie s .  However i t  was n o t p o s s ib le  to  draw e x a c t 
com parisons betw een s p e c ie s  because th e y  were n o t a l l  grown a t  th e  
same d e n s i t i e s .  In  g en e ra l, th e  l e v e l  a t  which crow ding became 
ad v an tageous f o r  each, sp ec ie s, f e l l  in  an  o rd e r w hich co rresponded  
to  th e  v e r t i c a l  z o n a tio n  o f  th e  sp e c ie s  on th e  s h o re . For example 
F. s e r r a tu s  n o rm a lly  in h a b i t in g  th e  low er shore, was found to  have i t s  
c r i t i c a l  l e v e l  a t  a s h o r te r  p e r io d  o f  exposure to  a i r  th a n  F . 
v e s ic u lo s u s . w hich in h a b i t s  th e  m iddle sh o re .
The d eg ree  to .w h ic h  each sp e c ie s  b e n e f i t  from  m utual p r o te c t io n  
a g a in s t  d e s ic c a t io n  appeared  to  be r e l a t e d  to  i t s  i n t r i n s i c  
r e s i s t a n c e  to  d e s ic c a t io n , .  F . s p i r a l i s  appeared  to  b e n e f i t  l e a s t  
from  a  dense s e t t le m e n t  when .grow ing in  t i e  t i d e  s im u la to r .  This 
may be because  F . s p i r a l i s  i s  an in h a b i ta n t  o f  th e  upper sho re  known 
to  be more r e s i s t a n t  to  d e s ic c a t io n  th a n  a re  th e  low er sho re  s p e c ie s .
Hruby (1977) a l s o  re p o r te d  t h a t  th e  s u r v iv a l  o f  Enterom orpha 
l i n z a  and .B l id in g ia  minima s p o re lin g s  i n  a t i d e  s im u la to r  was a f f e c te d  
by th e  s e t t le m e n t  d e n s i ty  o f  th e  s p o re s . However th e  d e n s i ty  e f f e c t  
was found to  be l im i te d  on ly  to  th o se  p la n ts  th a t ,  w ere t r e a te d  w ith  a 
seven day p e r io d  o f  submerged growth p r io r  to  p lacem en t in  th e  t i d e
s im u la to r .  No d e n s i ty  e f f e c t ,  was found on p la n t  p o p u la tio n s  
p la c e d  d i r e c t l y  in  th e  t i d e  s im u la to r .
In  th e  p r e s e n t  in v e s t ig a t io n  d e n s ity  was found to  e f f e c t  th e  
l e v e l  o f  grow th and hence s u rv iv a l  o f  Fucus germ lings on p la te s  
w ith  on ly  a b r i e f  24,-48 hour p e r io d  o f subm ergence. The f a c t  
t h a t  th e  e f f e c t  o f  d e n s i ty  on B. minima was m odified  by a  p r e ­
tre a tm e n t o f  c o n tin u o u s  submergence (Hruby 1977) su g g e s ts  t h a t  
th e  b e n e f i c ia l ,  e f f e c t s  o f  a dense s tan d  were a fu n c tio n  o f  p la n t  
s iz e  and o ccu r e a r l i e r  in  l a r g e r  p la n t s .  C e r ta in ly  la r g e  p la n ts  
a re  l i k e l y  to  in c re a s e  th e  w a te r - r e ta in in g  c a p a c ity  o f  a s ta n d  
and th e r e f o r e  red u ce  th e  r a t e  o f d e s ic c a t io n  when exposed to  a i r .
In  fu c o id s  even th e  zy g o tes  a re  q u i te  la rg e  so t h a t  an i n i t i a l  
p e r io d  o f  submerged grow th i s  n o t n e c e ssa ry  f o r  d e n s ity -d e p e n d e n t . 
e f f e c t s  to  m a n ife s t th e m se lv e s .
A lthough la b o r a to r y  exp erim en ts  c l e a r ly  r e v e a le d  r e l a t io n s h ip s  
betw een g erm lin g  grow th r a t e s ,  r e l a t i v e  crow ding and exposure  to  
a i r ,  th e re  was l i t t l e  ev idence, o f  such phenomenon from  th e  f i e l d  
s tu d ie s .  However as  the- s l id e s  p la ced  on th e  shore  were 
c o lo n ise d  by la r g e  numbers o f g reen  a lg a e  t h i s  may have a f f e c te d  
th e  r e s u l t s .  T h is  o b s e rv a tio n  i t s e l f  su g g es ts  t h a t  i n t r a ­
s p e c i f i c  c o m p e tit io n  a t  th e  germ ling  s ta g e  a lth o u g h  s ig n i f i c a n t  
i s  on ly  one o f  maiiy f a c t o r s . in f lu e n c in g  s u rv iv a l  and grow th.
High m o r t a l i t y / l o s s  r a t e s  were reco rd ed  f o r  th e  germ lings 
on th e  sh o re , p a r t i c u l a r l y  a t  th e  upper sho re  l e v e l .  Why t h i s  
shou ld  be so i s  n o t  c l e a r  as  the h ig h e s t  p la ced  s l i d e s  were s t i l l  
w ith in  th e  F . v e s ic u lo s u s  zone and should  n o t have ex p e rien ced
e x c e ss iv e  exp o su re  to  a i r .  A lso th e  s l id e s  were n o t covered by 
th e  t h a l l i  o f  su rro u n d in g  a lg a e  so i t  i s  u n l ik e ly  t h a t  th e  germ lings 
were removed by w h ip la sh . As th e  upper and low er sho re  s i t e s  were 
s e p a ra te d  by o n ly  a few m e tre s , d i f f e r e n c e s * in  w ave-exposure were 
u n l ik e ly  to  be s u f f i c i e n t  to  cause such a la rg e  d i f f e r e n c e  in  th e  
number o f  g e rm lin g s  l o s t .  The l o s s . r a t e  o f germ lin g s from b o th  
th e  upper and low er sh o re  seemed, ex trem ely  h ig h  compared w ith  d a ta  
c o l le c te d  from  o th e r  s p e c ie s ,.  . For example the m o r ta l i ty  amongst 
n a tu r a l  s ta n d  o f  L e a th e s ia . ju v e n i le s  was sm a ll, o n ly  10,8% o f  th e  
p o p u la tio n  was l o s t  in  th e  f i r s t  th r e e  weeks. In  f a c t  th e y  
e x h ib i te d  a Deevey Type I  s u rv iv o rs h ip  curve (Deevey 1947) s in c e  
m o r ta l i ty  in c re a s e d  w ith  age (Chapman and Goudey 1983).. H e lv e t ia  
f a s t i g i a t a  g e rm lin g s  were d e p le te d  by 50% over 80 days and 9% 
su rv iv e d  to  th e  f i r s t  r e p ro d u c t iv e  season  a f t e r  1 .5  y e a rs  (G u n n ill 
1980) ,
I t  i s  p o s s ib le  t h a t  because  th e  e x p e rim en ta l fu c o id  germ lings 
were i n i t i a l l y  s e t t l e d  in  s ta t io n a r y  w a te r in  th e  la b o ra to r y ,  th e y  
form ed a  w eaker attachm en t, to  th e  su b stra tu m  th a n  would occur in  
n a tu re  and th u s , when t r a n s f e r r e d . t o . t h e  shore th e y  were r e a d i ly  
d is lo d g e d . However, as th e  lo s s  r a t e s  f o r  b o th  h ig h  and low 
d e n s i ty  s ta n d s  were s im i la r ,  i t  su g g e s ts  th a t  s e t t le m e n t d e n s i ty  
may n o t be im p o r ta n t to  i n i t i a l  s u rv iv a l  on th e  sh o re ,
A p re l im in a ry  exp erim en t on th e  in f lu e n c e . o f  germ ling  d e n s i ty  
on g ra z in g  s u g g e s te d 'th a t .g e rm lin g s  may be b e t t e r  p ro te c te d  from 
g ra z in g  when grow ing in  a dense s ta n d ■th a n .when in  a sp a rse  s ta n d . 
This r e q u i r e s  f u r th e r  I n v e s t ig a t io n  over a w ider range  o f  d e n s i t i e s
th a n  t e s t e d  h e r e .  A lso i t  i s  u n fo r tu n a te  t h a t  th e  number o f 
r e p l i c a t e s  was l im i te d  by th e  a v a i l a b i l i t y , o f  Fucus zy g o tes  f o r  
t h i s  underm ines th e  co n fid en ce  t h a t  can be in v e s te d  in  th e  r e s u l t s .  
N o n e th e le s s , th e r e  does seem to  be an  im p o rta n t r e l a t io n s h ip  between 
th e  e x te n t  o f  g ra z in g  damage to  g erm ling  law ns and th e  number o f 
p la n ts  p e r  u n i t  a r e a .  Hay ( l9 8 l )  a ls o  found t h a t  s p e c ie s  o f 
H alim eda, L a u re n c ia  and D ic ty o ta .when grow ing in  a t u r f  on th e  sh o re , 
l o s t  15-50% l e s s  biomass, to  th e  g ra z in g  u rc h in  Diadema a n t i l l a r u m , 
th a n  d id  i s o l a t e d  in v i d id u a l .p la n t s .  However, th e  re a so n s  p roposed
f o r  th e  red u ce d  s u s c e p t ib i l i ty ,  a re  n o t a p p l ic a b le  to  th e  dense 
s ta n d s  o f  Fucus germ lin g s g razed  by L i t t o r i n a .
I t  a p p e a rs  t h a t  i n t r a s p e c i f i c  c o m p e titio n  i s  n o t on ly  an 
im p o rta n t in f lu e n c e  on th e  growth, o f  a d u l t  p l a n t s ,  b u t a ls o  in  th e  
e s ta b l is h m e n t and s u r v iv a l  o f  ju v e n i le  seaweed p o p u la tio n s .  The 
r e s u l t s  a l s o  p ro v id e  a n o th e r  example on which to  t e s t  th e
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a p p l i c a b i l i t y  o f  th e  /2  power law *. By d e te rm in in g  th e  boundary 
c o n d itio n  f o r  a  g r e a t  v a r i e t y .o f  p la n t s  w ith  d i f f e r e n t  growth form s 
i t  shou ld  be p o s s ib le  to  in c re a s e , our knowledge o f  w hich f a c to r s  
a re  im p o rta n t in  d e te rm in in g  th e  p o s i t io n  o f th e  boundary and may 
e v e n tu a l ly  be a b le  to  e s t a b l i s h  why th e  law  a p p l ie s ,  f o r  a t  
p r e s e n t ,  a s  H u tch ings ( l9 8 3 )so  r i g h t l y  s t a t e s  i t  i s  " e c o lo g y 's  
law  in  se a rc h  o f  a th e o ry " .
GENERAL DISCUSSION
GENERAL DISCUSSION
The grow th and s u r v iv a l  o f fu c o id  germ lings ap p ea rs  to  be 
s ig n i f i c a n t l y  a f f e c t e d  by th e  d e n s i ty  o f zygote s e t t le m e n t .  However 
th e  re le v a n c e  o f  t h i s  f in d in g  to  seaweed p o p u la tio n  b io lo g y  on ly  
becomes a p p a re n t when i t  i s  co n s id e re d  in  th e  b ro ad e r c o n te x t o f 
shore  eco lo g y ,
Fucoid g e rm lin g s  f in d  th em se lv es  in  a w orld  f u l l  o f  p o t e n t i a l  
enem ies and h a z a r d s , .  They fa c e  th e  r i s k s  o f d e s ic c a t io n ,  b e in g  
g razed  by h e rb iv o re s  o r  b e in g  out-com peted  in  t h e i r  q u e s t f o r  space , 
i r r a d ia n c e  and n u t r i e n t s .  The r e l a t i v e  im portance o f  th e s e  s t r e s s e s  
on a g erm ling  w i l l  depend on w hether i t  in h a b i ts  th e  upper o r low er 
sh o re . On th e  u p p er sh o re  th e  main enemy i s  d e s ic c a t io n ,  b u t on 
th e  low er sh o re  where d e s ic c a t io n  r a r e l y ,  i f  e v e r ,  p ru n es  back fu c o id  
zones (Schonbeck and N orton  1978). g ra z in g  i s  l i k e l y  to  be a g r e a te r  
t h r e a t  to  s u r v iv a l .  The l a r g e s t  and most v o ra c io u s  l im p e ts  and 
l i t t o r i n i d s  a re  u s u a l ly  found below  Mean High W ater Neaps (Evans 
1947a, 1947b) and may e x e r t  a p rofound  e f f e c t  on th e  s u r v iv a l  o f 
germ lings by s c ra p in g  them from  th e  ro c k  (Jones 1946, N ew ell 1958, 
Southward 1962.), However, th e y  seldom v e n tu re  on to  th e  upper shore 
where t h e i r  g ra z in g  a c t iv i t y ,  would be se v e re ly  r e s t r i c t e d  by th e  t i d e  
a s  P a t e l l a  and L i t t o r i n a  g raze , only.w hen subm erged. The upper shore 
does have i t s  own g ra z e r s ,  such as  H yale , an am phipod.which g raze s  
H e lv e t ia  (Moore .1977) and L i t t o r i n a  n e r i t o i d e s , the l a t t e r  however 
p re s e n ts  l i t t l e  t h r e a t  to  fu c o id s  as  i t  i s  th o u g h t to  g raze  m ostly  on 
l ic h e n s  ( F r e t t e r  and Graham 1980),
I n t e r s p e c i f i c  c o m p e tit io n  i s  a ls o  l i k e l y  to  pose a g r e a te r  
problem  to  ju v e n i le  fu c o id s  grow ing on th e  low er sh o re  th an  to  th o se  
growing on th e  u p p er shore, where th e  a lg a l  cover i s  l e s s  and a ls o  
th e  v a r i e ty  o f  s p e c ie s  i s  few er (G ibb 1939; R u s s e ll  1982, 1973).
S ince  crow ding o f  germ lin g s  ap p ea rs  to  o f f e r  m utual p r o te c t io n  
a g a in s t  th e  e f f e c t s  o f  d e s ic c a t io n  ( lik e w is e  f o r  more m ature p la n ts  
(H atton  1938; Schonbeck and N orton  1978)) i t  would be b e n e f ic ia l  
f o r  th e  upper, sh o re  fu c o id s  to  r e c r u i t  in  dense s ta n d s .  Dense 
s e t t le m e n ts  would mean a s low er grow th r a t e ,  b u t t h i s  i s  n o t c r i t i c a l  
a s  co m p e titio n , i s  low . Crowding could  a ls o  p ro v id e  some p r o te c t io n  
from th e  l e s s e r  problem  o f g ra z in g  damage u n t i l  th e  germ lings 
reac h ed  a s a f e r  s iz e  (Lubchenko 1 9 8 0 ). On th e  low er shore  how ever, 
where g ra z in g  i s  a m ajor t h r e a t ,  escape r e q u ir e s  r a p id  a t ta in m e n t o f 
a l e s s  v u ln e ra b le  s i z e .  Crowding m ight o f f e r  some p r o te c t io n  from 
g ra z e rs  b u t i t  i s  g e n e ra l ly  l e s s  b e n e f i c i a l  th a n  a  sp a rs e  s e t t le m e n t 
which would a llo w  more r a p id  g row th . Rapid grow th i s  a l s o  a b e t t e r  
p lo y  a g a in s t  o th e r  c o m p e tito rs  as  l a r g e r  germ lings a re  l e s s  l i k e l y  to  
be shaded o u t .
Schonbeck and N o r to n . (l9 8 0 a) have in  f a c t  r e p o r te d  t h a t  on th e  
I s l e  of. Cumbrae fu c o id  germ lin g s  appeared  a n n u a lly  in  dense * tu r f s *  
on th e  u p p er s h o re ,  b u t on ly  a s  sm all, s c a t t e r e d  g roups low er down. 
This su g g e s ts  t h a t  upper and low er sho re  fu c o id s  may have d i f f e r e n t  
re p ro d u c t iv e  s t r a t e g i e s  to  en su re  an. a p p ro p r ia te ly  dense o r sp a rse  
s e t t le m e n t .  One would p r e d ic t  t h a t  to  ach iev e  a  dense  s e t t le m e n t ,  
f o r  exam ple, u p p e r . s h o re ,fu c o id s  m ight e x h ib i t  r e s t r i c t e d  d i s p e r s a l  
o f p ro p a g u le s ; sy n ch ro n ized  re p ro d u c tio n  o f th e  in d iv id u a ls
w ith in  a  p o p u la tio n  and a s h o r t  re p ro d u c tiv e  seaso n . This would 
en su re  t h a t  th e  r e c ru i tm e n t o f  ju v e n ile s  was c o n c e n tra te d  in  bo th  
tim e and sp a c e . However, th e  f a c t s  do n o t seem to  su p p o rt such 
a h y p o th e s is .  Fucus s p i r a l i s . p la n ts  have s l i g h t l y  l a r g e r  oospheres 
th a n  some o f  th e  o th e r  fu c o id s  (V ernet and H arper 1980) b u t t h i s  i s  
u n l ik e ly  to  in c re a s e  th e  se d im e n ta tio n  r a t e  s u f f i c i e n t l y  to  reduce  
t h e i r  e f f e c t i v e  d i s p e r s a l  d is ta n c e .  The s in k in g  r a t e  o f  a seaweed 
p ro p ag u le  i s  th o u g h t to  have, r e l a t i v e l y  l i t t l e  in f lu e n c e  on i t s  
d i s p e r s a l  d is ta n c e  ex cep t i n  th e  ca lm est o f  w a te r  (N orton and F e t t e r  
1981)• Thus t h e . s l i g h t  s iz e  d if f e r e n c e  betw een F. s p i r a l i s  and 
F. s e r r a tu s  p ro p a g u le s .fo r  exam ple, would ap p ea r to  be n e g l ig ib le  
in  r e l a t i o n  t o  w a te r  m otion on th e  sh o re .
S tu d ie s  on th e  le n g th  o f  th e  f e r t i l e  p e r io d  f o r  d i f f e r e n t  sp e c ie s  
o f Fucus su g g e s t t h a t  th e  f e r t i l e  seasons a re  o f  much th e  same 
d u ra tio n  (B la c k le r  1956) and s in c e  th e re  i s  no in fo rm a tio n  a v a i la b le  
on th e  p ro p o r t io n  o f  a fu c o id  p o p u la tio n  f e r t i l e  a t  any one tim e 
i t  i s  im p o ss ib le , to  comment on th e  deg ree  o f synchrony o f re p ro d u c tio n . 
I t  must be concluded  th e re f o r e  t h a t  th e  d i f f e r e n c e s  betw een th e  
^ re p ro d u c tiv e  s t r a t e g ie s *  o f  d i f f e r e n t  Fucus s p e c ie s  a re  in s ig n i f i c a n t  
and u n l ik e ly  to  have any ta n g ib le  e f f e c t  on g erm ling  d e n s i ty .  I t  
seems more l i k e l y ,  f o r  b o th  upper and low er sh o re  s p e c ie s j  t h a t  th e  - 
p ro p a g u le s  a re  s c a t t e r e d  at. random in  b o th  dense and sp a rse  p a tc h e s . 
Dense p a tc h e s  would p ro b ab ly  be found c lo se  to  th e  p a re n t  p la n ts  
s e p a ra te d  by s p a r s e r  law ns. On th e  upper sh o re  th e  w e ll-sp a c e d  
in d iv id u a ls  a re  soon k i l l e d ,  le a v in g  th e  crowds to  become v i s i b l e ,  
b u t on th e  low er sho re  where th e  crowds a r e  v u ln e ra b le  to  g ra z in g ,
because  th e  c o n s t i tu e n t  in d iv id u a ls  grow, so s lo w ly , i t  i s  th e  
w e ll-sp a c e d  in d iv id u a ls  t h a t  become, obvious f i r s t ,  P l a n t l e t s  
a re  much l e s s  l i k e l y  to  be s e r io u s ly  damaged by m o llu scs  once th e y
have a t t a in e d  a  s iz e  o f  30-50 mm (K night and P arke  1950; Menge
1975 ) .  As i t  co u ld  ta k e  a germ ling  growing in  a  dense s tan d
s e v e ra l  weeks lo n g e r  to  re a c h  t h i s  s iz e  th an  one grow ing in  a
sp a rse  s ta n d ,,  crowded g e rm lin g s a re  much more v u ln e ra b le  to  g ra z in g . 
However, s in c e  crowds of. germ lings would be s t e a d i ly  d im in ish ed  
by g ra z in g , w h ip la sh  o f  a d u l t ,  t h a l l i  and s e l f - t h i n n in g ,  crow ding 
may n o t be a  l a s t i n g  d isa d v a n ta g e  to  th e  low er sh o re  g e rm lin g s . 
S im i la r ly  on th e  upper sh o re , p ro c e sse s  o p e ra te  to  red u ce  crowd 
d e n s i ty ,  b u t as. g e rm lin g s  a t  th e s e  le v e l s  a r e  s low er-g row ing  
(Schonbeck and N orton, 1980a) s e l f - th in n in g  o p e ra te s  more s lo w ly . 
T h e re fo re  th e y .w i l l .  have, reach ed  th e  s ta g e  when crow ding i s  l e s s  
ad v an tag eo u s , a s .o l d e r  p la n ts  a re  l e s s  v u ln e ra b le  to  d e s ic c a t io n  
b e fo re  th e ir .n u m b e rs  a re  d im in ish ed .
There a re  many d an g ers  in h e ren t., in  p ro p o s in g  such  a d a p ta t io n  
h y p o th e se s , s in c e  th e  presum ed * s tra te g y *  may e x i s t  o n ly  in  th e  eye 
o f  th e  i n v e s t i g a t o r .  A d ap ta tio n  hypotheses, a re  a l s o  im p o ss ib le  to  
t e s t  and th e r e f o r e  h a rd ly  s c i e n t i f i c .  I n  th e  words o f  Maynard 
Smith (1 9 7 8 ), "a  f u n c t io n a l  e x p la n a tio n  th ro u g h  o p t im is a t io n  th e o r ie s  
i s  a t e s t  o f  in g e n u ity  r a th e r ,  th a n  en q u iry  in to  t r u t h " .
The c o m p e ti t io n -d e n s i ty  e f f e c t  on a lg a l  grow th h as  im p o rta n t 
im p lic a t io n s  n o t  on ly  f o r  th e  sho re  e c o lo g is t ,  b u t a l s o  f o r  th e  
com m ercial m a r i c u l t u r i s t ,  f o r  c u l t iv a t io n  r e s u l t s  in  l a r g e  mono- 
s p e c i f i c  s ta n d s  o f  seaw eeds.
At p re s e n t  th e r e  a re  493 s p e c ie s  o f economic seaweed b u t on ly  
fo u r  g en era  .can,.be. r e a l l y  reg a rd ed  as  s ig n i f i c a n t  c rop  p la n ts  
(Tseng 1 9 8 1 ) t h e s e ,a re  Fo rp h v ra , Echeuma, L am in aria  and U n d a ria ; 
each o f  w hich r e p r e s e n ts  betw een 10,000  and 275*000 to n n es  o f  d ry  
m a tte r  p e r  y e a r .  I t  i s  an expanding  In d u s try  w hich has in  th e  p a s t  
been l im i te d  by the. a v a i l a b i l i t y  o f raw m a te r ia ls ,  d e p le te d  as a 
r e s u l t  o f  o v e r -h a rv e s t in g ,  storm  damage and o th e r  d i f f i c u l t i e s .  
M ax im isa tion  o f  y ie ld  i s  o b v io u s ly  im p o rtan t to  th e  m a r i c u l tu r i s t  
b u t so to o  i s  ea se  o ff te n d in g  and h a rv e s tin g  and m in im isa tio n  o f  lo s s e s
due to  g ra z e rs  and d is e a s e .
The "law  o f c o n s ta n t  f i n a l  y ie ld "  i s  o f  p a r t i c u l a r  re le v a n c e  
to  th e  c u l t i v a t io n  o f  a lg a e .  I t  h as  a lre a d y  been a p p lie d  to  th e  
c u l t i v a t io n  of. F o rp h y ra  (Y o sh id a .1972) where y ie ld  was found to  be
c o n s ta n t a t  2g , w hether th e  p la n ts .w e re  sown a t  400 o r  2 ,000 p e r
10 cm o f  h i b i  s t r i n g .  N eushul (p e rso n a l, com m unication) a ls o  found 
a c l e a r  d e n s i t y - s i z e . r e l a t i o n s h ip ,  f o r  M acro cy stis  and was. a b le  to  use  
t h i s  d a ta  to  o p tim ise  y ie ld .
I f  a ran g e  of. d e n s i t i e s .w a s .e s t a b l i s h e d  where y ie ld  would n o t 
be reduced  by a  r e d u c t io n  in  p la n t  d e n s i ty  i t  may be p o s s ib le  to  
avo id  th e  d e tr im e n ta l  e f f e c t s  o f  crow ding, as crow ding may a f f e c t  
o th e r  f a c to r s  a p a r t .f r o m  p la n t ,  s i z e .  For example i t  was n o te d  th a t  
one o f  th e  most com m on.physio log ica l d isea se s , o f  L a m in a ria , g reen  
r o t ,  u s u a l ly  o c c u rre d  on. over-crow ded fro n d s  (Tseng 1 9 8 1 ), The 
d e n s i ty  o f  an a l g a l  s ta n d  may a ls o  a f f e c t  th e  p ro p o r tio n  o f  re s o u rc e s  
t h a t  a seaweed a l l o c a t e s  to  re p ro d u c t iv e  and v e g e ta t iv e  grow th, 
R u s se ll.  (1979), found, t h a t .where. F . v e s ic u lo s u s  and Ascophyllum  
nodosum were com peting fo r, l ig h t ,  and sp a c e .F . v e s ic u lo s u s  had a
g r e a te r  p ro d u c tio n  o f  v e g e t a t i v e . t o  re p ro d u c tiv e  t i s s u e s .  Thus 
p la n ts  grow ing in  a crowded, m ono sp ec ific  s ta n d  com peting w ith  each 
o th e r  may a l s o  have a re d u c e d .re p ro d u c tiv e  o u tp u t .  However, as 
seaweeds a r e  so fecund  t h i s  m ight n o t s i g n i f i c a n t l y  a f f e c t  th e  supply  
o f  inoculum  f o r  th e  n e x t seaso n .
The number o f  g ra z e rs  a s s o c ia te d  w ith  an a l g a l  p o p u la tio n  may 
a ls o  v a ry  w ith  a l g a l  d e n s i ty ,  f o r  example th e  c r e a t io n  o f  dense 
D u rv il la e a  s ta n d s , f o r . h a rv e s t in g  in c re a se d ..th e  abundance o f  
h e rb iv o ro u s  iso p o d s .(H ay  and South  1979 ). T his may be because  th e  
iso p o d s f in d  p r o te c t io n  from  p re d a to r s  amongst th e  a l g a l  canopy.
An in c re a s e  in  th e  number o f  h e rb iv o re s  i s  n o t n e c e s s a r i ly  
d isad v an tag eo u s  as  th e y  may r e l i e v e . t h e  crop  p la n t  o f  i t s  e p ip h y te s . 
Where t h i s  o c c u r r e d .f o r  Hypnea,. i t s  grow th was in c re a s e d  by as much 
a s  300% (B raw ley and Adey 1981 ).
One ad v an tag e  of. a dense, s e t t le m e n t,  w hich may com pensate f o r  any 
o th e r  d e n s i ty  e f f e c t s . i s  th e  e x c lu s io n  o f  ^ w eeds'. I f  sp o re s  o f a 
crop  s p e c ie s  a re  s e t t l e d  s u f f i c i e n t l y  d e n se ly , th e y  may overwhelm 
and p re v e n t th e  developm ent, o f  th e .s p o r e s  o f  com peting s p e c ie s .
T his method o f  re d u c in g  th e  *weed* p ro b le m .in  c u l tu r e s  i s  p r a c t i s e d  
in  F o rp h y ra  c u l t i v a t io n  (Tseng 1981) and has  been  w e l l - s tu d ie d  fo r  
h ig h e r  c rop  p la n t s  (se e  Snaydon 1 9 80 ).
The com m ercial c u l t i v a t io n  o f  seaweed i s  in .m any ways s im i la r  to  
agronomy, i t  i s  a n .o rg a n iz e d .s y s te m  o f  sow ing.and. h a rv e s t in g  designed  
to  maximise y i e l d . . There, have been many s tu d ie s  on th e  e f f e c t s  o f 
d e n s i ty  on growth, and y ie ld  . in  a g r i c u l t u r a l  c ro p s  (rev iew ed  in  
Snaydon 1980) th e  p r in c ip le s  o f  w hich , as  in  th e  law  o f  c o n s ta n t
f i n a l  y ie ld  may be a p p l ic a b le  to  seaw eeds. However th e re  a re  
s e v e r a l  b a s ic  d i f f e r e n c e s .betw een seaweeds, and h ig h e r  p la n ts  n o ta b ly  
th e  absence o f  r o o t s ,  aqueous grow th medium and d i f f e r e n t  r e p ro d u c tiv e  
sy stem s. As e x e m p lif ie d  by t h i s  s tu d y  th e re  h as  been  an in c re a s in g  
tre n d  tow ards dem o g rap h ic , s tu d ie s  o f  seaweeds u s in g  te c h n iq u e s  
developed  f o r  h ig h e r  p l a n t s .  However, such te c h n iq u e s  a re  p ro b ab ly  
n o t a p p l ic a b le  to  a l l  seaw eeds, p a r t i c u l a r l y  c ru s to s e  and m at-fo rm ing  
s p e c ie s  where i t  i s  a lm o st im p o ss ib le  to  d is c e rn  an  in d iv id u a l  from 
i t s  n e ig h b o u rs . S tu d ie s  o f  i n t e r s p e c i f i c  c o m p e tit io n  a ls o  have 
problem s due to  th e  s i m i l a r i t y  in  c o lo u r and form  o f  many o f  th e  
ju v e n i le  s ta g e s  o f  n a t u r a l  c o m p e tito rs  on th e  s h o re ,  i t  i s  th e r e f o r e  
v e ry  d i f f i c u l t  to  t e l l  them a p a r t .  However by ch oosing  s p e c ie s  o f  
d i f f e r e n t  c o lo u re d  a lg a e  R u s s e ll .a n d  F ie ld in g  ( l9 7 â )  and E n rig h t 
(1979 ) have, s u c c e s s f u l ly  ad ap ted  th e  approach  developed  by de W it 
( i 960 ) f o r  th e  s tu d y  o f  i n t e r s p e c i f i c  co m p e titio n  am ongst h ig h e r  
p l a n t s .  C e r ta in ly , f o r  th e  m arine a l g a e . t h a t  grow u p r ig h t  a s  
s e p a ra te  in d iv id u a l s  t h e r e . i s  much more scope f o r  a p p ly in g  h ig h e r  
p la n t  te c h n iq u e s .  . Demographic s tu d ie s  on c o h o r ts  f o r  th e  p ro d u c tio n  
o f l i f e  t a b l e s  have been com pleted, f o r  M ac ro cv s tis  n v r i f e r a  
(R o sen th a l e t  a l .  1974-)» H e lv e t i a . f a s t i g i a t a  .(G u n n ill 1980) and 
L e a th e s ia  d i f fo rm is  ( Chapman and Goudey 1 9 8 3 ). They have shown 
t h a t  i s  i s  a  v e ry  p r o f i t a b l e  a re a  o f  s tu d y  and a s  n o te d  by R u s s e ll  
and F ie ld in g  (1981) have e s ta b l is h e d  "an e x c e l le n t  approach  to  
m arine a l g a l  p o p u la tio n  dynam ics".
APPENDIX A; CULTURE. CONDITIONS
1 . Medium
R e c e p ta c le s  an d .g e rm lin g s  were c u ltu re d  in  an e n ric h e d  
seaw ate r medium which, was changed every  seven to  fo u r te e n  days 
u n le s s  s t a t e d  o th e rw is e . The . form ula, o f  th e  medium and th e  
p ro ced u re  o f  h e a t - s t e r i l i s a t i o n  used  a re  g iven  in  Appendix B,
2 . I l lu m in a t io n
The c u l tu r e s ,  were illum inated ,..from  .above .excep t f o r  th e  t i d e  
s im u la to rs  and th e  sp o re  .accum ulato rs, which w ere i l lu m in a te d  from 
one s id e .  In . a l l .  c a se s  th e  c u l tu r e s  were i l lu m in a te d  by two s ix - 
f o o t  P h i l l i p s  * D a y lig h t .33* 85 W att tu b e s ,  w ith  a l 6  hou r l i g h t :
8 h o u r d a rk  p h o to p e rio d .
3 . A e ra tio n
A ll  o f  th e  c u ltu re s ,,  o f , germ lings. were .a e ra te d  by an a i r  pump.
4. T em perature
A ll  c u l tu r e s  were grown in  a th e rm o s ta t ic a l ly  c o n t ro l le d  
c u l tu r e  room a t  12^G ± l^C
APPENDIX B: PREPARATION OF ENRICHED SEAWATER MEDIUM
The c u l tu r e  medium was recommended by P ro fe s s o r  A.D* Boney and 
was used a t  one q u a r te r  o f  th e  recommended c o n c e n tra t io n  g iven  below , 
to  reduce  th e  grow th o f a l g a l  con tam in an ts  (Schonbeck and N orton 
1979d).
To p re p a re  p a s te u r iz e d  seaw ate r add n in e  p a r t s  f i l t e r e d  seaw ate r 
to  one p a r t  d i s t i l l e d  w a te r  and h e a t  to  65°C, co o l and r e p e a t .
To one l i t r e  o f  p a s te u r iz e d  seaw ate r add:
60 ml S o lu tio n  A w hich c o n ta in s :
-150 ml 0 .4  g l  NaNO^ in  d i s t i l l e d  w a te r
2 ml o f  each  o f  th e  fo llo w in g -1
2 ml S o lu tio n  B which c o n ta in s
15 ml S o lu tio n  C which c o n ta in s
1 .4 7  g 1 MnS0^.4H20
0.0023 g l" ^  Cu80^.5H20
0 .0 6 4  g l ’ ^ C0CI.6H2O
0.23 gl"^ Na.2Mo0^ .2H20 
0.005 gl"^ LiCl.H20
4 .9 8  g l ’ ^ ZnS0^.7H20
-12 .6  g l  te tra so d iu m  s a l t  o f  EDTA 
0.12  gl"^ FeS0^.7H20 
-11 .5  ml S o lu t io n  D w hich c o n ta in s :  15 g l Na2HP0^.12H20
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